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| W FOR DC OR RESISTANCE INPUT 


Mover 200-A uses an input of 10,000 
ohm resistance potentiometers as an in- 
put transducer providing 10 to 1 scalk 
expansion and origin positioning Avail 
able standard digital input accessories 
are essentially inputs of this type. Any 
resistance potentiometer will provide an 
analog input for this configuration 

Mover 200-B, used for D.C. signal input 
has full scale sensitivities of 5 milli 
volts and an input impedance of 1,000 
megohms, Utilizing standard reference 
cells, this model provides drift-free 
operation, Available external reference 
voltages may be substituted, A plug con 
nection is provided to facilitate the quick 
interchangeability of input sections 


fl W FOR SIMPLIFIED OPERATION 


Precision Vernier Dials provide an accu- 
rate method for obtaining fine adjust- 
ment during operation, Optional point 
plot or continuous line plotting is a 
feature of both models. Selection is by 
front panel manual control. A new, sim- 
plified pen of one-piece design-used for 
point or continuous plotting—eliminates 
bottles and tubes, permits rapid chang- 
ing of ink colors. Independent action of 
the X and Y axis is achieved with Libra- 
scope’s unique “Floating Gear Train” 
No cables, tapes or lead screws to cause 
lost motion, cable stretching or drift- 
ing out of alignment. The 120° concave 
cylindrical plotting surface provides full 
visibility. ..is completely illuminated. 


i W FOR WIDER APPLICATION 


These fast, dependable general purpose 
plotters feature 0.1% accuracy, are suit 
ed for wide applications where rapid 
graphic presentation of data is required 
such as: laboratory testing, computers 
data handling systems, wind tunnel, mis- 
sile tracking and quality control testing 
of transistors and other electronic compo 
nents. Input selection includes Punched 
Card and Tape Converters, Decimal 
Keyboards and Binary Converters. Mode! 
200-A can plot from Flexowriter tape in 
any code or directly from the Tape Punch 
cables of many digital computers, Sub- 
chassis can be supplied to handle time- 
shared X versus Y plots, or other spe- 


cial circuitry. Write today for details. 


LIBRASCOFPE X-VY PLOTTER 


HIGHEST ACCURACY FOR GRAPHIC DATA HANDLING 


NEW LIBRASCOPE PUNCHED TAPE CONVERTER 
Operates from a punched tape reader — Spec- 
lally designed for Librascope X-Y Plotters 

This unit is adaptable to other plotters 


LIBRASCOPE INCORPORATED * BOB WESTERN AVENUE 


RASCOPE 


GENERAL PRECISION EQUIFMEN MPORATION 





LIBRASCOPE PUNCHED CARD CONVERTER 
Converts punched card data to analog form 
for input to X-Y Plotters. Automatic Position 
for feeding 50 punched cards per minute 





among the problems 


we can solve for you... 


No matter which of these categories describes your engi- 
neering problems, there’s a GEDA A-14 Electronic Simu- 
lator custom-designed to save you precious engineering 
man-hours. 

These spectacular new electronic simulators present the 
first commercially available console operated analog com- 
puting systems individually designed to specific simulation 
problems. Available with as few as twelve, to as many as 
several hundred amplifiers — plus hundreds of nonlinear 
channels — these GEDA A-14 Electronic Simulators offer 
precision, flexibility, convenience and stability heretofore 
unknown in commercial installations. 


With built-in features you cannot obtain even as options 


ANALOG E } | COMPUTERS 


The way to give your hunch a chance 


auclear reactor simulation 
jet engine simulation 
process control simulation 
flight & guidance simulation 
power dispatch simulation 


on other computers, the new GEDA A-14 Simulators offer 
the most accurate, widest band-width linear computing 
equipment plus the most precise high speed, nonlinear 
equipment in the industry. And, with the new GEDA A-14, 
you have the widest selection of accessory equipment 
available. 
Exclusive features such as Automatic Read-Out Printing, 
Automatic Dialing System, the unique split problem board 
for analyzing two separate problems simultaneously and 
many more, make the new GEDA A-14 the most advanced, 
most flexible analog computing systems ever offered to 
industry. And, you get these custom-built features at pro- 
duction economy. 
We would welcome the opportunity to discuss the details 
of a GEDA A-14 installation large or small — custom- 
designed to your exact requirements. Write: Goodyear 
Aircraft Corporation, Dept 951G>. Akron 15, Ohio. 

> ~ . 

Now available is a new Goodyear Engineering Report, 
GER-7462, which describes the principles of operation 
of the GEDA A-14 Nuclear Reactor Simulator. 
Write now for your copy. 


GOODZYEAR AIRCRAFT 


wehyeat Aircrett Corporation, Akron 156, Ome 
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UM COPPER PLUNG- 
ER GUIDE — reduces 
friction and wear. 


SHOCK - ABSORBING 
BUMPERS — reduce 
self - destruction, 
ushion stroke, as- 
Sure longer service. 


HEAVY SILICONE 
INSULATED MAGNET 
WIRE — wound on 
high flow point 
molded nylon 
bobbin. 
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HORIZONTAL PUSH-TYPE VERTICAL PULL TYPE 


WELDED BASE SHOCK-MOUNTED 
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; INDUSTRIAL SOLENOIDS 


ant AC WAFER SOLENOID In addition to all the “inside” advantages, 


Decco Solenoids are compactly designed and 
FOR COMPLETE : | thoroughly impregnated with silicone baking 
INFORMATION ON ALL | ; ; 
varnish for high moisture resistance. 
DECCO INDUSTRIAL 


SOLENOIDS Decco Solenoids are made in all types, sizes 


and shapes. SPECIAL SOLENOIDS ENGINEERED 
TO YOUR PROBLEMS. 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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MANMMLE 
UC 


STATHAM UNBGONDED 
STRAIN GAGE TRANSDUCTION 


TEMPERATURE COMPENGATION 
OVER 315 F. INTERVAL 


PRESGURE ADAPTERS 
FOR CLOGGED LINE APPLICATIONS 


NO EPOKY 
RESIN PRESSURE SEALS 


ABSOLUTE PRESSURE 

' r M iaak 
DIFFERENTIAL PRESSURE 

' . a r uM 


GAGE PRESSURE 


BULLETIN MPT-1 


contains complete specifications 
on the foregoing 
pressure transducer models 


All matters pertaining to sale or use of 
instriments of our manufacture 
are handled by engineering personnel 
directly from our Los Ange (. *s plant. 


Please feel free to wire or 
telephone us collect whenever we 
may be of service 


CONTROL ENGINEERING 


SHOPTALK 


MEASURING MEASUREMENT—WITH FEEDBACK 


This month we turn a basic tool of our trade in upon 
itself and measure the growth of measurement. First the 
cover: this sets up a nice semi-log scale for our studies. ‘Then 
in What's New, page 16, we tell how this scale was first 
created by theoretical techniques, then verified with actual 
date. Next, Industry's Pulse, page 61, reels off these 
data for those skeptics who simply will never believe a 
graph or an equation. And, finally, our Editorial, page 67 
sends forth an unnerving feedback signal that challenges 
all of the foregoing and suggests, “Are we really measuring 
what we want to measure?” Oh, yes: go back to page 13 
and meet Ralph Webb, our Control Personality, the man 
who placed the largest single industrial instrument order 
that we know of (a mere $1 million, it was). After all, 
what good is a growth phenomenon unless we understand 
its causes?—and Ralph Webb is certainly a major one 


OUR MOBILE SENSING ELEMENT 


Corralling and correlating all this vaguely interconnected 
material was Lloyd (Slortnoc) Slater, who acted as our 
mobile sensing clement during the past several months 
First he latched on to H. C. Dickinson’ s report (page 17) 
and sequestered it until he could go to Washington and 
badger Census for advanced data on its 1954 assay of 
instrument industry sales. In the interim he whisked 
down to West Virginia to interview and click his Graphic 
merrily at Ralph and his outstanding Instrumentation 
Group at Carbide & Carbon. On May 25 everything 
meshed: Census ‘phoned the last bit of data; Dickinson's 
theory was proved; Webb's sketch was okayed; and the 
“feedback” signal was created in cooperation with Bill 
Vannah. 


“Rover” Finally Made It 

Last month (page 117) we de- 
scribed Professor Verhagen’s 
electronic pooch—which we had 
never seen. Our line sketch 
showed how our artist visualized 
him, and judging by the photo 
that finally came, he was pretty 
close. That's the Professor 
“feeding” his creation. 
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RECTILINEAR jae" 


GALVANOMETRIC RECORDER 





CONSERVE VALUABLE SCIENTIFIC AND ENGINEERING TIME 
with the most convenient and modern recorder 
available today .. . featuring the error-free 
trigonometric linkage that gives you 

straight line writing motion — 











the exclusive 


TT ; 
all-front access 


— 


Max. direct readings with a simple ruler . . . 
perform all routine operations from the front of the instru- 
ment... get + 1% accuracy over full 41-inch scale; sensi- 
tivity of 0.45 of an inch per 100 microamperes; pen speed 
at a quarter-second over full 4'/-inch deflection. . . use ac 
drive, 6, 12, or 28-volt de drive; spring-drive; or external 
drive... make standard or “gear shift” chart speed changes. 











For more information on how the modern, practical ‘‘recti/riter’’ 
will simplify your recording applications, write for BULLETIN R-501 


HOUSTON TECHNICAL LABORATORIES 


3701 BUFFALO SPEEDWAY «. P.O. BOX 6027 -« HOUSTON 6. TEXAS 
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EVERYONE 





wins 


with 
EECO 
PLUG-INS 


Every day more organiza- 

tions are discovering the 

advantages of using EECO 

plug-in circuits in develop- 

ing electronic equipment. 
Why not join this winners’ circle and prove the 
advantages for yourself? 


GM Your engineers will be free to concen- 
trate on the design of systems instead of routine 
circuit detail. 

GM Your technicians can cut fabrication 
time and step up production by wiring sockets 
instead of circuits. 

@& Your customers will enjoy the satisfac- 
tion of superior equipment, the convenience of 
easier maintenance. 


All of which adds up to greater profits, 
increased customer prestige, and more 
orders for you. 

Standard EECO plug-ins, proven by 
more than four years’ service in some 
of the nation’s largest data systems, 
are available from stock. Custom units 
can be readily maffufactured to your 
circuit requirements. Costs are actual- 
ly below those of standard assembly 
methods. Write for data file No, A-4. 


ELECTRONIC ENGINEERS: EECO offers 
career opportunities in challenging 
systems design and related projects. 
Send resume to R. F. Lander. 


EECO yaseernon COMPANY 
a eu st lary of 


lectronic Engineering Company 


of California 





506 EAST FIRST STREET 
SANTA ANA, CALIFORNIA 
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| FEEDBACK 


You asked for a recipe .. . 


I am in the managerial end of busi- 
ness. Having to devise systems for 
data collection to satisfy data proc 
essing systems is a future problem. 
Your magazine contains much help 
ful information in regard to the physi 
cal systems but none on how managers 
must develop data collection systems 
to meet the demands of data proc 
essing systems. 

May we have articles about such 
matters? 

Henry W. Peabody 
Dayton, Ohio 


. and we bake a cake. 


In our editorial bank, gathering in- 
terest, is an article by Charles Faulk- 
ner of Speigel, Inc., Chicago. Al- 
though it does not spell out how to 


develop data collection systems, the 
article does describe the steps of ‘cost 
analyses of the proposed (electronic 
data processing) system versus your 
present system’. Look for it; let us 
know whether it serves some of your 


needs. Ed. 


You asked foritand... 


lo tHe Eprror 

Prompted by the article on pag 
190 of the April issue of Conrror 
ENGINEERING, I would like to make 
a suggestion. I believe that you should 
cover in your magazine the Bendix 
I'hree-Dimensional Flight Simulator. A 
picture of the Flight Table associated 
with this equipment appears in the 
March 19 issue of Time magazine on 
page 101, lower right. The Flight 
Table shown there represents one of 





THE PROBLEM FORUM 


This month one reader submits his answer to our 
semantic April Fooler on the suggested word “feedfor- 
ward”. Another reader requests help in locating equip- 
ment for a measurement problem. 

Try your hand. Send in your answer to problems 
we've printed recently, or submit your own measurement 
or control problem to our readers (and the editors, too). 
We will pay for either communication, if published. 


1. SEMANTIC ANSWER 

To THe Eprror 

Having read your “April Fooler” 
(Controt ENciIngerinc, April 1956, 
page 6), I would like to suggest the 
word “prefeed”’ instead of your “feed 
onelll “Feedforward” is quite a 
mouthful. 

“Prefeed” could mean—‘‘a sensing 
prior to control correction” in the 
same manner that ‘feedback’ is—a 
sensing subsequent to control correc 
tion. 

John F. Flanagan 
United States Rubber Co., 
Mishawaka, Ind. 


2. EQUIPMENT QUERY 


I should welcome your advice on 
an instrumentation problem I have. | 
wish to measure both static and dy 
namic pressure fluctuations up to 


3,000 psi. In Britain I have used an 
instrument in which the pressures to 
be measured were applied to a dia- 
phragm. The diaphragm formed onc 
plate of a parallel plate condenser and 
the deflections of the diaphragm re 
sulted in a change of capacity. This 
change in capacity varied the fr 
quency of an oscillator. By 
means the change wa 
an oscilloscope. 

The response of the instrument i 
limited only by the mechanical 1 
sponse of the diaphragm. | have found 
this type of instrument useful up to 
frequencies of 1  kilocycle/second 
Could you please suggest an American 
counterpart? 

R. A. B. Wilsher 

Air Armament, 

Canadian Westinghouse Co., Ltd 

Hamilton, Ontario 


various 
presented on 





the most 
in existence today The design and 
performance capabilities lead the field 
in electronic-hvdraulic control 

It may interest you that there ar 
two Flight Simulators in existence at 
this time. One of them ts 
Detroit, Mich., and is being operated 
by Bendix for the BuAcr, U.S. Nav 
the other is located at Holloman An 
l’orce Base, New Mexico, and belongs 
to the Air Force. A third model has 


recently been ordered by a major ais 


w.vanced simulation tools 


located in 


craft company 
Joachim Kaiser ft 
Detroit, Mich 


. you'll get that article very soon. 


But in the meantime, you'll find in 
this issue an Idea-at-Work (page 119) 
describing a small solenoid-driven 
“flight table” designed to test aircraft 
instruments. Ed. 


NICB report in demand 


lo tue Eprror 

In your May 1956 publication of 
Contrrot ENGINEERING an editorial 
on training opportunities, namely 
“Improve Your Investment’, page 61, 
was published 

We are very interested in obtain 
ing one copy of the NICB study titled 
“Tuition-Aid Plans for Employees” 
mentioned in this article as released 
to NICB-associated companies and 
available through their librarie 

Since we may not fall into the cat 
gory of “associated companies” we 
feel we may have some difficulty in 
obtaining or procuring this study on 
tuition aids. It is our intention to 
incorporate a training program in thi 
company and any information or pub 
lications available, such as the before 
mentioned study, would certainly bi 
1 valuable asset to us 

W. J. Baer, 
Farris Eng’g Corp 


Palisades Park, N. ] 


Normally the NICB reports are re- 
leased only to members (associates) of 
the board. Nonmember companies 
should contact NICB headquarters, 
247 Park Ave., New York City, for 
information. Fd. 


Boola boole-an algebra 


Consulting Editor E. M. Grabb« 


Niw BULLETIN SHOWS HOW TO 
METER, INTEGRATE AND CONTROL 
WITH THE ASKANIA TRANSOMETER 


Describes Flow, Indication, Recording and Control 
Applications For Fuel Oil, Viscous and Other Liquids 


A new illustrated booklet is now 
available to men interested in technical 
information on the Askania Transometer 
which 

J. is an unusually accurate flow meter 

2. integrates the flow of viscous li- 
guids and other liquids (including 
fuel oil) 

3. develops a pneumatic signal for re- 
cording and control purposes 
Bulletin #301 includes a listing showing 
typical liquids that can be measured by 
the Askania Transometer. It illustrates 
how the liquids are metered and in- 

tegrated 
how the signals for the recording and 
control are developed 


® APPLICATION DRAWINGS 


Of particular interest are the 
operational diagrams and descriptive in- 
formation showing 
flow, proportioning and combustion 
controls 
totalization of multiple fuels 
interchangeable control for fuel switch 
over hook-ups 

These show at a glance just how 
the liquid is metered, the air signal is 
dispatched to the Jet-Pipe Regulator 


the regulator actuates the hydraulic 
cylinder for the control valve 
Ranges and specifications by 
connecting pipe sizes, flow range, oper- 
ating pressure and maximum operating 
temperature limit are provided 


®@ DESIGN FEATURES 


An additional feature of the new 
bulletin is the added information and 
specifications on Askania’s simple, eco- 
nomical constant flow valve which can 
be used to economically maintain a con- 
stant flow 

For your copy of the Askania 
Transometer Bulletin—fill in the 
enclosed coupon and mail, or write to 
Askania Regulator Company, 266 I 
Ontario, Chicago, Illinois 


r--- 


Yes, send me « f bulletin #301 
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ASKANIA aecuraror company 


“CONTROLS FOR INDUSTRY”’ 


HYDRAULIC, ELECTRONIC CONTROLS & SERVO 


GENERAL SYSTEMS, 


ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


A Subsidiary of General Precision Equipment Corporation 





the Nw DATEX 


PRESSURE SCANNER 


Multiple Pressures with ONE transducer 


Designed to permit the measurement of up to 12 pressure sources with 
only one transducer, the DATEX Pressure Scanner introduces a new 
concept into pressure instrumentation. As illustrated, this device can 
be used to introduce calibration and/or zero pressures to check the 
operation of the system during each cycle. Provides complete flexibility 
in programming for Digital applications; i.e. positive positioning allows 
points to be skipped or scanned in any desired sequence by remote con- 
trol. The transducer is vented to atmosphere between pressure ports, 
thus eliminating transducer hysteresis effects. 


Basically, the SP-101 consists of a stator having 12 input ports, and a 
rotor that connects any one of the twelve input ports to an output port. 
The rotor is rotated to a desired position by a unidirectional high-torque 
motor, whose operation is controlled by means of a positive positioning 
arrangement. A relay circuit is incorporated in the unit to provide 
dynamic braking in order to stop the motor in a position where the 
rotor and stator ports are in coincidence. Two additional banks of con- 
tacts are provided on the internal switch so that indication of the rotor 
position can be obtained either visually (lights) or digitally for operation 
of recording devices 


TYPICAL 
SYSTEM 
USING ONE 
TRANSDUCER 


Point 
Onreo 


> WOEMTIICATION 


TYPICAlL. DATEX 
* DIGITAL DATA SYSTEM 
FOR RECORDING 
60 PRESSURES MANUFACTURED 


UNOER LICENSE FROM 
UNITED AIRCRAFT CORP 


SPECIFICATIONS 


FLUIDS; 

Alr and non-corrosive dry gases 
PRESSURES: 

From 0.1 psia to 350 psig 
POWER: 

50 watts, 115V a-c, 60 cycle 
CONNECTIONS: 

Input and Output—Ve” NPT 
POSITIONS: 12 

Designed for 

bulkhead mounting 





Additional detailed information can be obtained by writing to: 


GIANNINI D A T E xX DIVISION 


1307 South Myrtle Avenue, Monrovia, California 


G.M. GIANNINI & CO..INC. 916 EAST GREEN STREET * PASADENA. CALIFORNIA 


CONTROL ENGINEERING 


FEEDBACK 


stated in his article, “Data Processing 
Systems: How They Are Used’, Con 
TROL ENGINEERING, Vol. 2, No. 12, 
that “the West Coast leads the Fast 
Coast in logical design”. Letters flew 
from loyal Easterners. Here is one of 
his rebuttals. We think it is interest- 
ing commentary. 

“I agree with your remarks regard 
ing the misuse of the term ‘Boolean 
algebra’. It would probably be better 
to state that Boolean representation 
is used in logical design. In any case, 
the difference between West Coast 
and East Coast procedures which are 
referred to might be described a 
follows: 

“West Coast computer designers 
tend to design complete computers in 
equation form, without the use of 
block diagrams or flow charts. In the 
East it is still common to work from 
block diagrams in computer design 
Members of our staff who have 
worked on logical design using both 
approaches are unanimous and em 
phatic in their statements that mor 
efficient designs can be produced by 
equation design. They claim it 1 
easier to catch mistakes in logic, and 
changes in design can be easily in 
corporated x 


Proceedings to come 


lo rue Eprror 

In the October 1955 issue of Con 
rROL ENGINEERING we have read on 
pages 28-30 your report of the West 
ern Electronics Show and Conference 
I’specially some words about a session 
on nonlin ar scrvomes hani ms, spon 
sored by the IRI Profe ional Group 
on Automatic Control, have drawn our 
attention, as we at the Technolog i] 
University of Delft are working in thi 
field. 

We would appreciate it very much if 
you would be so kind to tell us where 
the mentioned five papers are avail 
able 

Ir. B. P. Th. Veltman 

Laboratorium voor Technische 
Physica 

Der Technische Hogeschool 

Kanaalstreat 12 

Delft (Nederland 


CE Consulting Editor E. M. 
Grabbe, Chairman of the session de- 
scribed, advises that the papers pre- 
seuted at the session will be published 
in the “Proceedings of the IRE- 
PGAC”. Ed. 





from Trangitron 


SILICON 
RECTIFIER 
STACKS 


D.C. Ovtput 





Voltage Current Stack 
irevil (volts) (amps) Type WN 





3 Bridge 1132 TD! 2A60F2A 
3¢ Bridge 62 2 TOI2CIOFIA 
3¢ Half Wove 1124 J TD! 2A60V4A 
36 Half Wove 46.5 TOI2ZCIOVYIAA 
! 

1 

! 





© Bridge 1128 TO! 2A60B83A 
o Bridge 250 2 TO! 2C40B8!1A3 
») Bridge | 





62.5 4 TOI2ZCIOBIA 








RATINGS AT 125 C AMBIENT TEMPERATURE 


FEATURES 


RELIABLE OPERATION UP TO 150°C The recognized superiority of silicon rectifiers has now been combined 


with the versatility of stack mounting in two n eries of silicon 


VOLTAGE RATINGS UP TO 2580 RMS rectifier stacks. These rectifiers overcome th ic limitations of 


germanium, selenium and copper oxide to provide trouble-free opera- 


CURRENT RATINGS UP TO 50 AMPERES tion under the most severe environmental 

Transitron silicon rectifier cells have established a record of depend- 
EXCELLENT REGULATION ability in such critical applications as missiles and jet aircraft. They 
are designed to meet the requirements of MIL-E-1C. Four JAN types, 


NEGLIGIBLE LEAKAGE CURRENT the 1N253, 1N254, IN255 and IN256, may be optionally incorpo- 


rated into these stacks. Write for Bulletin T1 


] 
Corn 


D.C. Ovtput 





Voltage Current Stock 
Circuit (volts) (amps) Type Neo 





b Bridge 188 TLOJ20F AI 
Bridge 46 TLOJOSFIAI 
Half Wave 93 TL6J20V1A2 

» Half Wove 186 TL6J20Y2A1 

b Bridge 125 TL4J20B1 Al 

> Bridge” 125 (2)T1652001 A3 
Bridge* 375 (2TL6J2003A1 














RATINGS AT 125°C AMBIENT TEMPERATURE 


* 2 Stocks Required 


‘Tra am electronic corporation « melrose 76, massachusetts 


Germanium Diodes Silicon Diodes Silicon Rectifiers. 











GET THE BEST SOLUTION 
TO EVERY FLOW 


Differential Pressure 
Cell Transmitters 


Complete line includes air-operat- 
ed and electric-operated d/p Cell 
Transmitters covering ranges from 
0-25" to 0-800" of water; working 
pressures up to 1500 psi. 


Mercury Type Meters 


Complete line includes mercury 
types covering ranges from 5 to 
400” of water; working pressures 
up to 5000 psi. 





Type 13A d/p Cell 
Transmitter 


Positive Overrange Protection— 
up to full 1500 lb. rating 


Fully Adjustable Ranges—0-20" 
to 0-80" and 0-50" to 0-250" 


water 


Automatic Internal Damping — 
fast, stable measurement 


Simplicity —easiest, lowest-cost 
installation, lowest maintenance 


Type 28 Mercury Meter 


Permanent Full-Scale Meter Ac- 
curacy — exclusive segmental 
lever design provides linear 
transmission 


Highest-Powered Pen Drive — 
large float with long travel 





Minimum Ambient Temperature 
Effects — float located in high 
pressure chamber 











HERE ARE two logical reasons why 

Foxboro Instrumentation assures you 

optimum results in measurement or con- 

5 trol of process fluid streams. First; Fox- 
PRO H L E M boro offers the widest variety of measur- 
ing and controlling devices... the right 
equipment for every application, For 

example, only Foxboro offers all these 

basic meter types: differential pressure 

cell flow transmitters, magnetic meters, 

mercury meters, and weir meters. Sec- 


ond; Foxboro provides 45 years of engi- 


neering experience in every phase of 
fluid mechanics. From the simplest gen- 
eral utility-type instrument to complex 
automatic ratio control systems, you get 
highest accuracy, efficiency, and econo- 
my. Whenever you have a flow problem 
involving liquids, vapors, gases, or slur- 
ries — in pipes, ducts, or channels, you 


can solve it best by specifying Foxboro. 
Foxboro Magnetic Meter 
Measures Fluid Velocity Directly 
Adds No Pressure Drop 
Uniform Flow Scale 
Overall Accuracy Better than 1%, of Range Over Entire Scale 
Full Accuracy Sustained Even on Liquids Other Meters neer, or write The Foxboro Company, 
Can't Handle — even sand and water slurries ; 367 Norfolk St., Foxboro, Mass. 


Only a few instruments are described 
on these pages. For full details; or for 
specific information on your problem, 
contact your nearby Foxboro Field Engi- 





REC. U & PAT OFF 
Float-and-Cable 


Type Meters ; FIRST IN FLOW 


Rigid Construction — weather-tight 
case; all working parts of corro- 
sion-resistant materials 


Powerlul Accurate Operation — 
large, high-stability float; cable of 
spun glass and nylon—non-siretch- FACTORIES IN THE UNITED STATES, CANADA, AND ENGLAND 


ing. non-twisting 
Direct Reading Chart and Scale 
Direct Reading Integral Counter 


Other Foxboro 
Flow Instrumentation 
Electric or Pneumatic Type Rotameters 


Electric, Pneumatic, and Mechanical 
Integrators 

Planimeters 

All Primary Elements, Valves, and Accessories 


required for assembly of complete flow meas- 
urement and control systems 





ICBM and 


Pertinent 


Systems 
Engineering 


at The Ramo-Wooldridge 
Corporation 


IRBM are prime examples # The Intercontinental Ballistic Missile and the Intermediate Range 
Ballistic Missile, Air Force programs for which we have over-all systems engineering and technical 
direction responsibility, are prime examples of programs that require the systems engineering 
approach. Most Ramo-Wooldridge work is of such a systems character, requiring the concurrent 
solution of a wide variety of interrelated technical and operational problems. Additional example 
at R-W are communications, fire-control, and computer programs for the military, and automa 


tion and operations research projects for business and industry 


technical fields @ Successful execution of systems engineering programs requires that the techni 
cal staff include experts in a considerable number of scientific and engineering specialties 
At Ramo-Wooldridge some of the pertinent fields are aerodynamics, propulsion, digital 
computers, information theory, radio propagation, radar, infrared, servomechanisms, gyroscopy 


and nuclear physics 


The kind of team required @ A qualified systems engineering staff must include unusually capable theoreti 


CONTROL 


cians and analysts who can predict the behavior of complex systems, as well as ingenious 
experimental physicists who can devise suitable new techniques for measuring actual physical 
parameters. In addition, the team must include experienced apparatus and equipment development 


engineers, to insure a high level of practicability in the resulting end products. 


Scientists and engineers who are experienced in systems engineering work, or wh 
have specialized in certain technical fields but have a broad interest in the inter 
actions between their own specialties and other fields, are invited to explore the wide 
range of openings at The Ramo-Wooldridge Corporation in 


Guided Missile Research and Development §§ Automation and Data Processing 
Aerodynamics and Propulsion Systems §§ Digital Computers and Control Systems 
Communications Systems §§ Airborne Electronic and Control Systems 


The Ramo-Wooldridge Corporation 


B730 ARBOR VITAE STREET +«- LOS ANGELES 46. CALIFORNIA 


ENGINEERING 












When asked what has been his most satisfying 
contribution in 30 years of pioneering industrial 
instrumentation, trim, youthful-looking Ralph W ebb 
unhesitantly replies, “Helping cultivate a crop of 
young people in this field.” 

Ralph could name a dozen things any engineer 
would be supremely proud of. He could tell of prime 
moving the largest process control project of the war 
Or he could describe his fruitful work, 25 vears 
igo in ‘Tulsa, in what has become one of the liveliest 
new fields of measurement: chromatographic analysis 
Sut he would much rather dwell on the 140 enthusi 
astic technical men—from “home grown” 
to PhD’s—who now make up Carbide & Carbon 
Chemicals Co.’s Instrumentation Div. “Cultivating 
Carbide’s director of instrumentation 
says, “is really my life’s work. 

In his formative years Ralph Webb could have 
used some of the career guidance he gives others 
today. Born Oct. 30, 1897, in Alton, IIL, he spent 
his teens “tinkering” in his dad's boatbuilding ma 
chine shop on the banks of the Mississippi. Earls 
in 1918 he enlisted and became the army 
company commander who never fired an army rifle.” 
“I did fire a machinegun, though,” admits Ralph. 
“It seems my reflexes were so fast that thev used 
me to demonstrate this weapon at Camp Hancock 
by shooting one bullet at a time to conserve precious 
ammo.’ Anyone who rides with Ralph behind 
the wheel of his Nash today knows that he preserves 
those famous reflexes. 

Out of the Army early in ‘19, the ex-shavetail 
joined Standard Oil as a “human actuator” on its 
coal-fired still at Wood River, Ill. This primi 
tive combustion control served to kindle a 
career: “I decided it was time I went to college for 
a more scientific approach to the subject.” At the 
University of Illinois the spirit that boosted him 
through the Army brought him a BS in ME in '24, 
and membership in three honorary campus engi 
Ihree weeks after he joined the 
newly formed Carbide & Carbon Chemicals Corp 
in its Prestone plant in Clendenin, W. Va., he was 
in Tulsa working with a test group in the early 
field application of Carbide’s new gasoline stabilizer 
During this period he devised a simple but very 
workabl unknown 
hydrocarbon components (a technique now known 
In ‘29, his reputation already 
established in measurement, Webb helped start up a 
new methanol plant in Niagara Falls and later 
became assistant superintendent. 

Ralph Webb's goal started to materialize in 
September 1933 when he went to the big new plant 
in South Charleston and took over its six-man meter 


enginecrs 


this group,” 


“only 


neering societies 


instrument system to identify 


as chromatography 





RALPH D. WEBB 
cultivates his field 























The screwdriver in Ralph Webb's hand and the complex 


chromatographic research apparatus in the background typify 
the “seed and the fruit’ of his 30 years at Carbide 


department In 1936 hie rota rr hing }O tle by 


spending a week with C, | Doc) Mason and 
absorbing some of this pioncer’s philosophy on the 
dynamic approach to control tems engineering 


fast developing 
traced the his 


A year later he was writing about th 
art: a Webb article in Instrument 


tory of rate action and put Ralph in the uncom 
fortabl position of bemg quoted im a famous 
controversy between two instrument manutacturers 
His department's first big job is the new ‘Texas 
City plant in 1940, ‘Then, during the war he headed 
the group that created, dur iights and week 


ontrol rooms 
Institute 


ends, the eleven famous ballroom ed 


that ran butadiene plant it Kobuta, Pa 


W. Va., and Louisville, Ky. After V-] day Carbide’ 
director of instrumentation added a special Instru 
ment Development Group and built up what is now 
recognized as one of the finest industrial instrument 


departments in the country 1 near-future issue of 


Ct will describe it in detail 


In off-hour: Ralph is active in societies—he helped 
tart IRD and ISA, also belo: to AIChE and 
AAAS. His big hobby is vegetable gardening and 


growing prize-winning tomatoc taked out on old 


thermometer well He and | vife Leone, an 
Alton girl he went home to ma 1926, recently 
bought a beautiful fouracre hilltop and will soon 
vacate their charming Cape Cod for “the experience 
of living in a glass house There, practically inside 
his living room, R ilph Webl vill cultivate his 


plants while mentally harrow other more im 


portant crop four mul iwa r the hills 








Now... all 3 in one ‘American’ Thermometer 


Only this new American Thermometer* gives you the three 
features most demanded in a dial thermometer. The “Every 
Angle” design allows you to install this thermometer any- 
where... then angle it in the direction that provides easiest 
reading. The anti-parallax Maxivision dial guarantees the 
surest, sharpest, easiest reading. Graduations are carried on a SET iv 
raised ring, set close to the cover glass, with an index-type, for use as a side 
: ° 
functional pointer set at the same level. The result — no per- —_* 
. : : : -_ f 
spective effect — parallax error practically eliminated. Finally, eee 
P Py top-connection 
bi-metal actuation insures high sensitivity, economy, and 
: ; thermometer 
surety of operation. 


Install the new American “Every Angle” Bi-Metal Dial Ther- 

mometer anywhere inside or out. Its climate-proof case 

defies any weather condition. The full use of these thermom- 

eters in any process plant makes possible temperature readings SET IT 
with the same ease and facility of those of a pressure gauge. | for use asa 








Write today for complete information. Ask for Bulletin 148. | straight-form 


*Pat. App. For thermomete 


SPECIFICATIONS 


5-Inch Type 5-6060 American ‘Every Angle” Bi-Metal Dial Thermometer SET it 


Temperature Ranges: From minus 80° to plus 1000° F. Accuracy 
within 1% of range. Dial Size: 5”. Scale approximately 10'” 
long. Bi-Metal Coil: Low mass, with single helix close to inside 
wall of stem assures high sensitivity. Silicone fluid dampens 


vibration, accelerates transfer, speeds response. Case; Stain- | 4 
less steel. Bezel: Threaded to case. Front; Clear, extra-heavy 

glass set in channeled gasket to seal case. Pointer: Functional | 

type, adjustable from front. Stem: Lengths — 4” to 24”, 18-8 | | 

stainless steel. All joints welded. Connection: Fixed, %” NPT. rt 
Separable Sockets: Available in all materials and sizes nor- ‘ 

mally required 


‘| 


—_—-— 


r 





for use an oblique- 
form thermometer 


——— 


SET iT 
for use as a standard 90° 
back-connected thermometer 


PHONE your Industrial Supply Distributor for experienced attention to 
your needs. He is always ready to help you ward off costly shut-downs 


through fast delivery from local stocks 


AMERICAN.  }° . INSTRUMENTS 


MARWELL 


eri A product of MANNING, MAXWELL & MOORE, INC. 
IMI; 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIE 


STRATFORD, CONNECTICUT 


F VALVES, ‘AMERICAN MICROSEN’ 


— - 1 INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Moss. ‘CONSOLIDATED’ SAFETY 
RELIEF VALVES, Tulsa, Oklahoma. AIRCRAFT CONTROL PRODUCTS, Donbury & Stratford, Conn. and Inglewood, Calif. “SHAW 


2 BOX" AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFT 
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ING SPECIALTIES, Muskegon, Mich 





New ASCO 3-Way 

Solenoid Valve assures 
MILLIONS OF 
TROUBLE-FREE OPERATIONS 


NO EQUAL IN SIMPLICITY! 





Simplicity is the secret of this remarkable, 

new 3-way diaphragm valve. 

It has only three operating parts. 

Compare this with the larger number of parts found 
in conventional 3-ways! That's one reason why the 
new ASCO valve means trouble-free operation . . . 
substantial savings in maintenance costs 

... reduction in down-time losses. 


SIMPLICITY IN OPERATION 


Not only its construction but also its new operating principle 
is the essence of simplicity: solenoid piloting of two simple ‘ 
diaphragms. The EXTRA HEAVY FORGED BRASS BODY houses only three 
moving parts: Two diaphragms and a core. Corrosion pro- 


tection is assured. All parts in contact with fluids or gases 
are brass, stainless steel or Buna-N. 


u 


UP TO 400 CYCLES PER MINUTE 
Exceptionally large flow capacity makes rapid recycling feasi- 
ble . . . cylinders fill and vent rapidly . . . valve operates up to 
400 cycles per minute over millions of strokes. 


CONVERTS in 30 SECONDS 


Developed for dependable control of liquids and gases, the 
valve can be converted from normally open to normally closed 
or the reverse by simple rotation of the valve bonnet. 
This new valve is absolutely tight seating . . . no closely fitted 
parts or valve seat grinding required. Available now in %%” 
and 14” pipe sizes, both with full 54” orifices, it can be mounted 
in any position. 
WRITE NOW for your copy of ASCO Bulletin 8316, or 
have the ASCO Engineer call. EPENDABLE CONTROL 


Automatic Switch Co. - 395-8. caxesivne aveNUE * ORANGE, NEW JERSEY 


AUTOMATIC TRANSFER SWITCHES -e« : : ¢ ELECTROMAGNETIC CONTROL 
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WHAT'S NEW 


UNIVAC churns it out... 
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again proved. 


Instruments Census Exceeds Expectations 


WASHINGTON, D. C. May 15 
The first official collated information 
in seven years 18 substantiating Sus 
picions about the growth of the con 
trol products manufacturing industry 
The data, which come from the U. $ 
Bureau of the Census as part of the 
1954 Census of Manufactures, show, 
among other things, these remarkable 
gains over similar Census figures that 
appeared in '47 
Pa growth in sale of process control 
instruments from $168 to $271 
lion 
Pan explosive rise in autopilot con 
trol systems from $20 to $378 
lion 
Pa climb in time controllers (electric 
and spring) from $13 to $25 million 
Pa burst in control equipment trom 
$100 to $259 million 

Many market experts who closely 
followed the snips and bits of sales 
information from other Dept. of Com 
merce reports and from private agen 
cies such as SAMA, McGraw-Hill 
market studies, and field journals, pre 
dicted such growth (in January, page 
45, CtE, reported on a McGraw-Hill 
estimate of 50 per control field growth 
during the next five years). But few 
were bokl enough to approach the 
actual figures, which appear in this 
month's Industry's Pulse, page 61 


mil 


mal 


GE Analyst Scores a Bullseye 


One man who got close was H. C 
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Dickinson, an engineering administra 
tor in General Electric’s Instrument 
Dept. ‘To the job of surveying the 
growth and potential of the measur 
ing instruments industry, Dickinson 
brought a knowledge of his market and 
in engineer's approach. The 
was an updating of a 
dicted growth curve, 


result 
pre 
based on past 
data, to the current price level. The 
key Dickinson chart, above, 
indicates that the field keeps growing 
at an exponential rate and has aver 
aged an annual increase of 12 per cent 
over the past 23 years 

Dickinson was almost “right on the 
nose” as far as the '54 data were con 
his estimated growth: to $1.7 
the actual growth: to $1.8 
And if his accuracy persists, 
there’s incredible growth ahead. Ex 
trapolation of the curve indicates in 
dustry sales of $3.4 billion by 1960, 
based on '55 prices (well above that 
“conservative” 50 per cent growth 
estimated by McGraw-Hill); and on 
up to an astonishing $6 billion by 
1965 

An assay of Census data in the In 
strument Industry categories is hardly, 
of course, a complete picture of sales 
of all measuring devices that fit the 
control loop; or an all-encompassing 
view of the total field of instrumenta 
tion and automatic control (see Edi 
torial, page 67, for comments). But 
they are the only good available data 


accurate 


show n 


cerned 
billion; 
billion 


and, if studied, suggest the complete 
outlines of a field. In his if 
Dickinson stressed this point. He se 
lected his data from three major 
Standard Industrial Classifications, the 
oficial Dept. of Commerce groupings 
Electrical Measuring Instruments, 
SIC 3613; Scientific Instruments, SIC 
3811; Mechanical Measuring Instru 
ments, SIC 3821. A brief descrip 
tion of how he arrived at his 
sions is on the opposite page 


UNIVAC Spurs the Census 
Besides reaffirming the vigor of the 
control field, the 1954 Census of Man 
ufactures provided the means for thi 
new technology to score still another 
triumph: it was the first big Census 
and public information job to be 
completely handled by electronic data 
processing and UNIVAC. The re 
sults are pleasing both engineers and 
economists. Data have moved through 
the system much faster 
cisely, with more collation 
far less error—and they have 
industry while still useful 
As computer historians know, Cen 
sus funds were responsible for crea 
tion of the first famous UNIVAC by 
Eckert and Mauchly in 1947, and 
(see picture above) it went into the 
big building in Suitland, Md., in 195] 
Its first job was to partially process 
the then-in-progress 1950 Census of 
Population 


analysis, 


corm lu 


mor pre 
ind with 
re iched 


Two years of experience 









HOW GE’s DICKINSON FIGURED IT: 


HIS RAW DATA 


(Growth of Instrument Industry in Millions of Dollars) 
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suggested the need f i econd " 
UNIVAC in the Bureau, and at the INPUT TO UNIVAC 


J. L. McPherson of the Census Ma 






start of 1955 number two began t 
process the Manufacturers Censu 













chine Development Office displays the 
data which were just taring to ; ® ‘ 
7 Fosdic form, which will permit an 
come in. Since that time both UNI . ‘ , 
optical read-in of information. ‘The 
VACs have operated 24 hours a da er Alaa ge 
machine on his right, Film Optical 
seven days a week ind two mor 


Sensing Device, scans a microfilm copy 
of the filled-in form—which holds in 
formation by the position of a mark 
rather than by conventional letters and 
digits. Developed at Bureau of Stand- 


rented unit ire erving the bureau 
in Pittsburgh and on the West Coast 

If one wonders why four of these 
powerful machines are needed to han 
dle one job, he should consider that 










; ards, eight of these devices operated 
the work involve reports on 450 in 
+] by 100 people are expected to do the 
dustru im) mor an million work of 2,000 in speeding data in the 
establishments—certainly the largest 1960 C 
) ensus., Ls 
single data-processing job in the world ia 


Simplifying the Job 
Know-how in applying UNIVAC 


rl 

















should cut down the need for such 

great computer capacity in the future 

For one thing. tricks of self-checking OUTPUT FROM UNIVAC: 

data have developed (i omparing The young lady is standing by a new 


figure values against expected range to high-speed printer that was recently 


pot a decimal error) which curb cor furnished by Remington Rand to ex 

rective reruns. But the big area of pedite the '54 Census. It is capable of 

improvement is expected to bi ! printing 600 120-digit lines per min 

input and output devices, whose fa and includes a flexible plugboard ‘ 
ter speeds may start to match th method for programming the printing . 
huge, only partially used computing operation. An interesting characteris- 


capacity of the machine. Much of the 


tic of this printer is its ability to turn : 
research work toward this end is being out information on X-Y coordinates —“ 
done by engine it the Bureau of direct from raw data. A recent timely : 
Standard But he Ip ilso constant! project: producing a chart of season- ¥ 
able adjusted farm income. ' 










comes thi ugh new commercial equ 
ment. Examples of the two source 
are shown in pictures at the right 
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COLMAN 
generators 


for accurate speed 
indications and rate 


control applications 


up to 40 volts per 1000 rpm 
within plus or minus 0.5% 
linearity over the operating range with 
very low slot and commutator ripple. 
Barber-Colman tach generators are avail- 
able in three different frame sizes with 
maximum rated outputs up to 7000 rpm 
or 100 volts, whichever occurs first 
Typical applications include controlling 
antiskid circuits for wheel braking 
surface control systems of guided mis- 
siles . . . indication of film speed rate in 
aerial cameras . . . and rpm indication 
of variable speed drives in industrial 
machines, processing equipment and 
similar production units. Many varia- 
tions of Barber-Colman tach generators 
are available for special applications 
Send for free technical bulletin. 


The complete 
line of 
Barber-Colman 
d-c motors 


. includes both permanent magnet 
and split series types . . . in various 
mountings and speeds with outputs up 
to 1/10 hp. Ideally suited to power 
electro-mechanical actuators, switches, 
and programming devices. Also avail- 
able with gearheads or blowers for spe- 
cial applications, Whatever your prob- 
lem involving small d-c motors, let 
Barber-Colman Company engineers help 
you find the solution. Write for free 
Catalog F-4344-3. 


Barber -Colman Company 
Dept. G ,1448 Rock Street, Rockford, IIlinols 
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WHAT’S NEW 


CONTROL CONCLAVES 
Detroit, May 16 





Judging from the number of pr 
representative whe ittended = th 
formal opening of General Motor 
new Industrial Research Center on 
this date, we uspect that a new 
story here about the affair itsclf would 
be rather redundant to our reader 
We anticipated this and simph didn't 
scnd av editor to th opening Rather 
wi dispatched our cditorial cout 
to GM one year before the opening 
and again six months later. Vhe first 
to probe the near-completed building 
was Bill Vannah, who, on June 10 
1955. was able to report Lhe work 
here breaks down into developing 
three functions: | 
dling; 2) automatic gaging, inspection 


information han 


md sorting; 3) development of la 
boratory devices and test equipment 
for use in General Motors automotive 
plants. Under gaging and inspection 
they have developed use of the follow 
ing techniques: ultrasonics 
tric conversion for gaging, capacitance 
gaging, optics, eddy current Chey 
have closed the loop on most of thei: 
gaging and inspection techniques so 
that they automatically detect de 
fects and pinholes and reject sub 
standard parts. Under development 
testing they are perfecting the fol 
lowing: A) hydraulics; B) electrical 
velocity servos; C 
facilities.” 

On Jan. 25, 1956 we sent Harn 
Karp to “fill in the ribs” on Bill Van 
nah's excellent skeleton of the GM 
control organization. Harry wrote 
“In the afternoon Colten (depart 
ment head, electronics) was still tied 
up at a meeting, but I saw two of hi 
men, Wantajja and Allured. Both 
like CtE. They have a Berkeley EAS] 
that gets a lot of use In addition 
Colten’s group runs an educational 
course for other GM people to ex 
plain the computer and show what can 
be done with it. Thus they spread 
interest in advanced techniques to 


air-to-elec 


analog computer 


other groups and he Ip them to decide 
whether or not to buy their own 
omputer Also saw some of the 
things going on in this group: analog 
computer applications in process de 
velopment; ultrasonic inspection; dé 
velopment of packaged circuits f 
reliable operation on the job; two 
peed hydraulic control system; sound 
room for testing parts; and an opti 
il lab. Wantajja emphasized that 
the main purpose is to make cars and 
ippliance 0 that they rarely indulge 
in making their own equipment, but 
buy it whenever the in Again | 
iw wide use of the ‘plain Jane’ com 
ponents relays, tub« et These do 
the job in a simple, reliable mannes 
o Wantajja uses them 

Harry and Bill wrote pages mor 
of GM 
activity in control are enough to show 
that a visiting control engineer would 
have his time well-occupied at thi 
great new research center 


but even these brief snatch« 


Boston, April 26-27 





Bill Vannah and Lloyd Slater took 
time off from the home office to jour 
ney to Back Bay for this important 
Second National Conference on In 
strumentation for Industrial Control, 
run by AIEE with participation by 
ASME and ISA. Covering the first 
day, Bill reports, “With the broad 
theme ‘New Developments in Instru 
mentation for Industrial Control’, the 
papers and discussions were built 
iround two of the four cornerstones of 
the control field: data recording and 
data processing” (Lloyd deals with 
the fourth “cornerstone”, control 
which was covered on the following 
day. Not covered: cornerstone No. | 

measurement) 

“Bernie Benson set the stage by 
urging that man be considered as a 
systems component in order to make 
sure that systems will fit his charac 
teristics and abilities. The human, he 
said, is a fast data processor, but his 
communication with a machine i 
slow when the information is in 


A “BREAK” IN 
BOSTON 


Enthusiastic attendees 
stood up and milled 
around between §ses- 
sions of the recent 
AIEE meet on Instru 
mentation for Indus 
trial Control. For what 
they heard, see p. 20. 





with NEW-IMPROVED FEATURES 
* FAST recovery TIME 

* GOOD stasuity 
* LOW output impEDANce 


KR Voltage Regulated Power Supplies are conservatively 
rated and are designed for continuous duty at 50°C ambient. 


REGULATION: Less than 0.2 volts for line fluctuation from 105- 
125 volts and less than 0.2 volts for load variation from 0 to 
maximum current. 


RIPPLE: Less than 3 mv. rms. 


STABILITY: The output voltage variation is less than the regula- 
tion specification for a period of 8 hours. 


RECOVERY TIME: Less than 50 microseconds. The excursion in 
the output voltage during the recovery period is less than the 
regulation specification. 


OUTPUT IMPEDANCE: Less than 0.1 ohms from 20 cycles to 
100KC. Less than 0.5 ohms from DC to 20 cycles. Many units 
have very much lower output impedance. 


KR-3M 
FEATURES: 


@ Fast Recovery Time, Suit 
able for Square Wave Pulsed 
Loading. 

@ Voltage Range continuously 
variable without Switching 

@ Either Positive or Negative 
may be Grounded 

@ Oil Filled Condensers 

@ Wire Harness and Resistor 
Board Construction 


125 ‘volts, 
@ Terminations 


Pilot Lights. 


@ Guarantee One Year 


@ Power Requirements 105- 
50-60 cycles. 


on rear of unit. 


@ locking type voltage contro! 
AC, OC Switches, Fuses, and 


@ Color Grey Hammertone 


VOLTAGE REGULATED 
POWER SUPPLIES 


for powering elechonie equipment 
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1.5 Amp. KR SERIES 





Mode! 


Volts 


6.3V AC 





KRI6 


0-150 


Each supply 





KR17 


100-200 


has two 





KRI8 


195-325 


15 Amp 








KR19 





295-450 





outputs 


19” 112%" 


17” 





19” 11244” 


vi 





19” 112%" 
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19” 112%” 


17/” 














600 ma. KR SERIES 





Volts 


6.3V AC 


Rack Mount 
w 4 0 





jee 


0 | Each supply 


has two 





10 Amp 








KR7 


295-450 





outputs 








10%” 
1042” 
104 


Lad 
19” 
i9” 


13” | 
13” 
2”113” 








19”) 10%” 








19” 











300 ma. KR SERIES 








| Volts 


6.3V AC 


Rack Mount 





KR 4 





ER 12 
KR3 


KR 10 


0-150 


195-325 
295-450 





100-200 


Each supply 
has two 
5 Amp 
outputs 





19” 





19” 
19” 
19” 














125 ma. KR SERIES 














Volts 


6.3V AC 


Rack Mount 
w 4 Db 





KR 1 
KR i 
KR? | 
KR 





1 0-150 


195-325 | 
295-450 | 





100-200 | 


Each supply 
has one 
3 Amp 
output 





19” 
4. 


19” 
19” 
19” 











11” 
7%” 
12” 
7a" 














Te include 7 Current and Voltage Meters, Add M te Model 


aumber (eg ER 16M) and Add $30.00 to the Price 


Te include Dust Cover and Handles for Table Mounting, Add C to 


Model number (cg HRI6 C) and Add $10.00 to the Price 


Te include Meters, Oust Cover and Handles 


Add MC te Model 


number (eg KR-16 MC) and Add $40.00 to the Price 
PRICES FOB Flushing 





All models available for 400 cycle operation on special order. 


131-38 SANFORD AVENUE - 


FLUSHING 55 


A LINE OF 50 MODELS 
Available from Stock — Catalog on Request 


N.Y 


+ INDEPENDENCE 


JULY 


1-7000 


1956 





COLMAN 


generators 


for accurate speed 
indications and rate 


control applications 


up to 40 volts per 1000 rpm 
within plus or minus 0.5% 
linearity over the operating range with 
very low slot and commutator ripple. 
Barber-Colman tach generators are avail- 
able in three different frame sizes with 
maximum rated outputs up to 7000 rpm 
or 100 volts, whichever occurs first 
Typical applications include controlling 
antiskid circuits for wheel braking . 
surface control systems of guided mis- 
siles . . . indication of film speed rate in 
aerial cameras . . . and rpm indication 
of variable speed drives in industrial 
machines, processing equipment and 
similar production units. Many varia- 
tions of Barber-Colman tach generators 
are available for special applications. 
Send for free technical bulletin. 


The complete 
line of 
Barber-Colman J 


d-c motors 


. + « includes both permanent magnet 


and split series types . . . in various 
mountings and speeds with outputs up 
to 1/10 hp. Ideally suited to power 
electro-mechanical actuators, switches, 
and programming devices. Also avail- 
able with gearheads or blowers for spe- 
cial applications, Whatever your prob- 
lem involving small d-c motors, let 
Barber-Colman Company engineers help 
you find the solution. Write for free 
Catalog F.4344-3. 


Barber -Colman Company 
Dept. G ,1448 Rock Street, Rockford, Iilinols 
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ENGINEERING 


WHAT’S NEW 


CONTROL CONCLAVES 
Detroit, May 16 





Judging from the number of pr 
representatives who attended th 
formal opening of General Motor 
new Industrial Research Center on 
this date, we suspect that a new 
story here about the affair itself would 
be rather redundant to our reader 
We anticipated this and simply didn't 
vend an editor to the opening Rather 
wi dispatched our editorial “scout 
to GM one year before the opening 
and again six months later. The first 
to probe the near-completed building 
was Bill Vannah, who, on June 10 
1955, was able to report Lhe work 
here breaks down into developing 
three functions: 1) information han 
dling; 2) automatic gaging, inspection 
and sorting; 
boratory devices and test equipment 


3) development of la 


for use in General Motors automotive 
plants. Under gaging and inspection 
they have developed use of the follow 
ing techniques: ultrasonics, air-to-elec 
tric conversion for gaging, capacitance 
gaging, optics, eddy current. ‘The 
have closed the loop on most of their 
gaging and inspection techniques so 
that they automatically detect de 
fects and pinholes and reject sub 
standard parts. Under development 
testing they are perfecting the fol 
lowing: A) hydraulics; B) electrical 
velocity servos; C) analog computer 
facilities.” 

On Jan. 25, 1956 we sent Harn 
Karp to “fill in the ribs” on Bill Van 
nah’s excellent skeleton of the GM 
control organization. larry wrote 
“In the afternoon Colten (depart 
ment head, electronics) was still tied 
up at a meeting, but I saw two of his 
men, Wantajja and Allured. Both 
like CtE.. They have a Berkeley EAS] 
that gets a lot of use. In addition 
Colten’s group runs an educational 
course for other GM people to ex 
plain the computer and show what can 
be done with it. Thus they spread 
interest in advanced techniques to 


other groups and help them to decid 
whether or not to buy their own 
computer. Also saw some of the 
things going on in this group: analog 
computer applications in process de 
velopment; ultrasonic inspection; di 
velopment of packaged circuits for 
reliable operation on the job; two 
peed hydraulic control system; sound 
room for testing parts; ind an opti 
cal lab. Wantajja emphasized that 
the main purpose is to make cars and 
ippliances so that they rarcly indulg 
in making their own equipment, but 
buy it whenever thev can Again | 
iw wide use of the plain Jane’ com 
ponents—relays, tubes, etc. ‘These do 
the job in a simple, reliable manner 
o Wantajja uses them 

Harry and Bill wrote pages mor 
but even these brief snatches of GM 
ictivity in control are enough to show 
that a visiting control engineer would 
have his time well-occupied at thi 
great new research center 


Boston, April 26-27 





Bill Vannah and Lloyd Slater took 
time off from the home office to jour 
ney to Back Bay for this important 
Second National Conference on In 
strumentation for Industrial Control, 
run by AIEE with participation by 
ASME and ISA. Covering the first 
day, Bill reports, “With the broad 
theme ‘New Developments in Instru 
mentation for Industrial Control’, the 
papers and discussions were built 
around two of the four cornerstones of 
the control field: data recording and 
(Lloyd deals with 
“cornerstone 


data processing” 
the fourth control, 
which was covered on the following 
day. Not covered: cornerstone No. | 
measurement) 

“Bernie Benson set the stage by 
urging that man be considered as a 
systems component in order to make 
sure that systems will fit his chara 
teristics and abilities. The human, he 
said, is a fast data processor, but hi 
communication with a machine i 
slow when the information is in 


A “BREAK” IN 
BOSTON 


Enthusiastic attendees 
stood up and milled 
around between §ses- 
sions of the recent 
AIEE meet on Instru 
mentation for Indus 
trial Control. For what 
they heard, see p. 20. 





VOLTAGE REGULATED 
POWER SUPPLIES 


for powering elertronie equipment 


KR: 
with NEW-IMPROVED FEATURES 


* FAST recovery time 
— GOOD STABILITY 1.5 Amp. KR SERIES 


5 6.3V AC 
* LOW ourput impEDANCE Wee Ona Coco Sta 


Each supply 
KR17 | 100-200} hastwo | 19”[12%4” 
KR Voltage Regulated Power Supplies are conservatively KRI8 | 195-325] 15 Amp. | 19°112%” 
rated and are designed for continuous duty at 50°C ambient. KRI9 | 295-450] outputs | 19” 112%” 


REGULATION: Less than 0.2 volts for line fluctuation from 105- 
125 volts and less than 0.2 volts for load variation from 0 to KR 
maximum current. 600 ma. SERIES 


$ R M t 
RIPPLE: Less than 3 my. rms. ee gen selene . ck oun “ 


STABILITY: The output voltage variation is less than the regula- KR | 0-150 | Each supply | 19” |10%2") 13" 
tion specification for a period of 8 hours. KR5 | 100-200 | has two 19” |10%” | 13” 


ae ‘ “l10%"| 13” 
RECOVERY TIME: Less than 50 microseconds. The excursion in KR 6 | 195-325] 10Amp. | 19° sts 
the output voltage during the recovery period is less than the KR 7 | 295-450 | __outputs | 19" 10'A"| 13 
regulation specification. 


OUTPUT IMPEDANCE: Less than 0.1 ohms from 20 cycles to 300 ma. KR SERIES 
100KC. Less than 0.5 ohms from DC to 20 cycles. Many units 


have very much lower output impedance. Model | Volts 6.3V AC en mm 


KR 12 0-150 | Each supply | 19” 
KR 100-200 | hastwo | 19” 
KR4 | 195-325 5 Amp 19” 


rKR10] 295-450 | outputs | 19” 


125 ma. KR SERIES 



























































































































































Mode! Volts 6.3V AC w 
KR 11 0 150 | Each supply | 19717” | 11” 

(R1 | 100-200 | hasone 19°17” | 7% 

KR-3M i 
7” 





195-325 | 3Amp. | 19” 74” 
74” 





FEATURES: 295-450 output 19” 


























@ Fast Recovery Time, Swit @ Power Requirements 105- To include 3° Current and Voltage Meters, Add M to Model 
able for Square Wave Pulsed 125 volts, 50-60 cycles. aumber (e.g KR 16M) and Add $90.00 to the Price 
Loading. Te inciude Oust Cover and Handles for Table Mounting, Add C to 

@ Voltage Range continuously @ Vorminetions on reer of anit Model number (cg ERIE C) and Add $10.00 to the Price 
variable without Switching @ locking type voltage control To include Meters, Oust Cover and Handles, Add MC to Model 

@ Either Positive or Negative AC, OC Switches, Fuses, and number (eg. KR-16 HC) and Add $40.00 to the Price 
may be Grounded Pilot Lights. ‘ 

© Of Fikes Condensers aes ~ne PRICES F.0.8. Flushing 

@ Wire Harness and Resistor 


Board Construction © Guarantee One Year A LINE OF 50 MODELS 
All models available for 400 cycle operation on special order. Available from Stock — Catalog on Request 
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Stop wear and tear! 
Get closer control 





Of electric furnaces 





With Model 407 Capacitrol 


Accurate, stepless control with remarkable freedom from service 
problems convinced Metals and Controls Corp., Attleboro, Mass., 
that Model 407 Capacitrols offered the best control for the cali- 
brating equipment which gives Klixon Inherent Overheat Motor 
Protectors their outstanding precision. 


Smooth, stepless proportioning is characteristic of the Model 407, 
because it uses saturable core reactor to vary input of electric heat- 
ing elements in accordance with system demands. When an appli- 
cation demands exact temperature control with minimum down- 
time or maintenance—your best possible choice is the Model 407! 
Call your Wheelco field engineer today and let him analyze your 
heating problems. 


WHEELCO INSTRUMENTS DIVISION 


Barber-Colman Company 


DEPT. G, 1548 ROCK STREET, ROCKFORD, ILLINOIS 
BARBER-COLMAN OF CANADA, LTD., DEPT. F, Toronto and Montreal, Canede 


Industrial Instruments « Automatic Controls « Air Distribution Pro 
Aircratt Controls « Small Motors « Overdoors and Operator « M 


Products « Metal Cutting Tools « Machine Tools « Textile Machinery 
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| WHAT‘’S NEW 


digital form. Normal) 
ceive and pass out digita 
An exception is hi 
organ; then his output 
is parallel. Perhaps, the: 
of data systems that in 
hould study how hi p 
This might lead to easi 
neck caused by the h 
input and output 

Carl Spaulding of Gia 
Diy described how 
equipment arose in teleph 
and in transmission 
data. Shannon’s the 
is the foundation of 
tice of optimizing 
channel I he Cquipiric 
tices are headed for indu 
Spaulding. But he thi 
biggest roadblock will 
when coding, multiplexing f 
resolution are standardiz 

“George Shaw, Radiation In 
described how ultra-high peed tek 
metry was developed for nuclear 
weapons tests: Crossroad I ipot 
and Greenhouse. Now the Radiation 
AKT-14 has evolved to handle 21,000 
bits/sec per channel. It records data 
on magnetic tape so fast that lumber: 
jacks could not possibly ut down tre 
fast enough for the manufacturer 
ards for storing the equi' il 
(he claims). He mentioned 
‘quick-look’ recorder will soon | 
able that will record and edi 
data as numbers. Needk 
when George got through 
trially-oriented audience 
and head-shaking. The 
show great interest in th 
recorder’ idea 


Editing in Data Processing 
“Bill Keene, CEC, empha 


need for editing by pointin 
no more than one to five 
recorded data is actuall 
test. ‘To ease the editing 
sors have become automati 
magnetic tapes and som 
rect-writing oscillographs for 
tent recording or for that 
‘quick look’ 

“During the banquet th 
John Grabe of Dow Ch 
an enthusiastic talk call 
Instrumentation’. His p 
was a broad one, unconfines 
fences of specihc engineer 
fications. He demonstrat 
copia’ of instrumentation 
chart which shows the ft 
of natural phenomena and 
portion covered by man 

“The following day 





You +tshed For This / 


FIRST TIM 
DIRE CT WRITING CONVENIE NCE . 
, WITH PHOTOGRAPHIC ADVANTAGES ! 
epecTROGRAPH MODEL 429 


ELECTROPHOTOGRAPHIC 
RECORDING 
OSCILLOGRAPH 


ONLY THE REVOLUTIONARY CENTURY ELECTROGRAPH OFFERS THESE FEATURES 


Permanent instantaneous oscillograms 
Eliminates need for messy liquid chemicals 
No darkroom required 

Automatic continuous dry processing 

View oscillogram while recording 


Century's engineers are the first to accomplish the 
long dreamed-for wedding of photographic re- 
cording and completely automatic dry processing 
to eliminate the need for costly darkroom facilities 
and liquid developing, rinsing and fixing. 


The greatest advancement in the technique of mul- 
ti-channel oscillograph recording in over 20 years, 
the CENTURY ELECTROGRAPH is essentially a 
direct-writing recording oscillograph utilizing the 


Utilizes sensitive light-beam galvanometers 
Up to 24 traces on eight inch paper 

Traces can overlap 

Precision timing lines 

Low power consumption 


RADICALLY new technique of Electrophotography 


combined with light-beam galvanometers. 


NOW investigate CENTURY ELECTROGRAPH—the 
most modern approach to simplified oscillographic 
recording — when planning your instrumentation 
program whether for research, engineering, test, 
quality control, process control, or any other 
analog recording requirement 


COSTS NO MORE THAN OLD-FASHIONED METHODS 


E(( 


pi Century Electronics & Instruments, Inc. 
1333 NO. UTICA, TULSA, OKAHOMA 


For further information, call on 


our nearest representative 


EXPORT OFFICE: 149 BROADWAY, NEW YORK CITY — TEL: BARCLAY 71-0562 


PHILA WASH AREA 
4447 N BODINE ST 
PHILADELPHIA 40, PA 


NY -NEW ENGLAND AREA 
29-46 NORTHERN BLVD 
LONG ISLAND CITY 1, 4. Y 


MIDWEST AREA 
363 W. FIRST ST 
DAYTON 2, OHIO 


TEXAS WN OM AREA 
5526 DYER ST 
DALLAS, TEXAS 

TEL: MICHIGAN 4-1822 TEL: STILLWELL 4-7120 TEL.: FULTON 9292 TEL 


ARIZONA AREA 
1686 BAKER PL 
TUCSON, ARIZONA 


SO CALIF AREA WO. CALIFORNIA 
40 SO LOS ROBLES 2015 EL CAMINO REAL 
PASADENA 1, CAL REOWOOD CITY 


EMERSON 6716 TEL: 7-1501 TEL: RYAN 1-966 TEL EMERSON 6-0214 
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rit) Motors bis Sot 


boro started thing 











Selected for fuel computers and indicator transmitters 


on Stanley Cockpit Procedure Trainers Feuhense’s 


Fred Hannula 
Duplicating the operation of an actual jet plane in flight, Stanley 


Cockpit Procedure Trainers give Air Force student pilots inten 
sive flight training right on the ground. These trainers realistically 
simulate such aircraft systems as the engines, engine controls, 
landing gear, flaps, surface trims, and fuel, electrical and hydrauli: 
systems. To assure precision operation of fuel computers and indi 
cator transmitters Stanley Aviation Corporation chose Barber 
Colman OY AZ type reversible motors which are adaptable to a devised to automaticall 
wide variety of control tate of heat transfer in 

circuits. € ompact, pow 

erful, and fast-reversing 
these highly dependable 
motors may be the so t a temperature af 
lution to your control with a basic Wheatston 


problems, too. Write , : ® it was obvious that function 
Ree doin : tion of this combination 
th thing up to cont 
] 


pic unit pro In 


a special Btu computer h 


Phe unit consisted ¢ 
t mcnt componcnt 


of a flow transmitter w 


vhat Foxboro unveiled 
gnificant step m th 
cloping the specializes 
trol computer black 
ire demanded by the 
the ‘missing link 
factory’ 

Next, W. P. Hamilt 
& Northrup stood up t 


L & N’s 
Hamilton 


the system his compan 

handle wind-tunnel data 

the analog-tvpe recorder 

the L&N Specdomax—p 

the basic measuring instrumer 
described two installation 
Langley lield, with a 1-30-channel 
logging setup; and on 1 the Boeing 
lransoni funnel with | hann 
logging. It was obviou if 


the complete line of Barber-Colman motors includes unidi yk we 


deeph into 
rectional, synchronous, and reversible motors — up to 1/20 hp 


niques field and ha 
With and without reduction gearing open or en- me neering talent capabl 
closed types. Expert engineering service available to r vanced data system 


help you get the exact motor for your application the company is buildin 





Write today for free copy of new Catalog F-4271-6 nD merical display equipm 


tems cited were no 


Barber -Colman Company tier Sipplics: fisnished suck 


is the transducers, translator 
readout equipment. ‘This surel 


Small Motors «Automatic Controls «Industrial Instruments Aircraft Controls «Air Distribution Product onstrated the amount of ‘insid 
Overdoors and Operators. Molded Products.Metal Cutting Tools.Machine Tools. Textile Machinery try s¢ lling that goes on bef 


DEPT. G, 1248 ROCK STREET, ROCKFORD, ILLINOIS 
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Illustration actual » 


Weight 
43 
wo Cae Se ae 
a tem 
MOOG VALVE CO., INC. 


East auRORA HY 


From MOOG Servo Valves 


High Accuracy and Response 


One of the outstanding character 
Valves is their ex epuonally high 
Moog units 


Stants aS 1OW 


ure characterized 

as on and one 

input differential curr 
Performance 

trol systems 

applications for these 


advanced aircraft and 


radar scanner actuation, contour follow 


' ' 
tools, and automatic packaging equipment 


Conventionally, valve input is from 


pull DC amplifier and valve flow ou 
a piston or hydraulic motor. An ¢ 


tional 


lectri 
to piston position Of motor angular 
fed back to the amplifier to give a closed servo looy 
Production models are designed to operate in hydrau 
lic systems of from 1000 to 3000 PSI pressure 

output flow from 0.1 to 50.0 GPM, for 


berween 2.0 and 40.0 


ntrol « 


milliampere px 
available in pr nit 





PHILLIPS” 


‘ 
| 
' 
| 
! 

/ 


Time flies . . . so does your Phillips 


man. That’s part of the Phillips Plan 
to help meet those project deadlines. 
If your relay requirements are 
special, ask about the Phillips Plan 

a combination of engineering skill* 
and personal service that is unique 
in the industry. Contact the 


Phillips office nearest you, 


"FOR EXAMPLE: 

Phillips Engineered Relays 
are meeting the extremely 
specialized requirements of 


guided missile applications. 


20410 TYPE 2 
Hermetically-sealed multi 
contact relay. Flange 
mounting, maximum 14 
pin, solder terminals. O.D 
2-1/2" Wx 2-1/2°L x 
5°H 


TYPE 2AC Mullti- 
contact AC relay. Fast 
operating. O.D 
1-15/32° Wx 4"L, 


TYPE 15QA 

Miniature relay, single 
pole. Nominal sensitivity 
200 watts, available with 
solder terminals or printed 
circuit terminals, single 
hole mounting. Coil avail 
able to 60 volts DC 


WHAT’S NEW 


vendor can ofter a packaged §' tem 
Ihe most eagerly-lister 
eemed to be the on presented next 


by ‘T. M. Vick-Roy of du P 


ably because this com] 


1-to papel 


duPont’s 
Vick-Roy 


of the few users of data-processing 
equipment on the program. Vick-Roy 

itisied and startled the boy by 
reeling off a cost compari 
four basic methods of 


on between 


rath ring data 


Cost Per P 





Automatic logger 
Multiple recorder 
Miniature recorder 
Pneumatic recorder 


His point: the need for di playing data 
must correlate with the dollars and 
cents value received—hence, one must 
look at a per-point price as well as 
the technical intrigue of advanced de 
sign. Vick-Roy also stressed that r 
liability is the major problem as fat 
as his company’s approach to data 
processing is concerned. He pointed 
out that a proc : 
craft’ and that data must come in pre 
cisely over a long period of time 

“In the afternoon Russell Aikman 
of Schlumberger Instrument Co. stood 
in for Bert Ziebolz, Askania Regulator 
(Bert had just left on one of his 
periodic European junkets the day be 
fore). In his wry Scotch brogue, Aik 
man read a Ziebolz paper describing 
the now-famous Two-lTime Scale ap 
proach to automatic control. Essen 
tially this method involves setting up a 
fast-time analog of the real-time proc 


plant is no ‘air 


css, including it in the process-control 
loop, measuring its response to a con 
trolled signal, and feeding back to r 
set the proces 
cipation of change. ‘Through Aikman, 
Ziebolz stressed that this wa imply 
i ‘line of attack’ 


must be done in dynam inalysis and 


controller as an anti 


that much worl 


in using such techniques as Reswick 


MULTI-CONTACT, POWER, HERMETICALLY GEALED RELAYS - ACTUATORS 


PHILLIPS 


A THOR CORPORATION SUBSIDIARY 
PHILLIPS CONTROL CORPORATION . . . JOLIET, ILLINOIS 


SALES OFFICES: NEW YORK ~- PHILADELPHIA ~- SAN FRANCISCO ~- DENVER - SEATTLE 
SANTA MONICA CLEVELAND DALLAS BOSTON - WASHINGTON 


‘delay line synthesizer Ctk, June 
55. p 50) before even thi imple 
experimental approach can be ex 
ploited. The discussion that followed 
extracted, as was expected, some good 
comments from some of the ‘old pros’ 







































































DESTINATION... 


Rockets to points in outer space! They are more than 
a dream. In fact, some morning before long you 

may wake up to find such rockets a reality. 

Right now, AC engineers, together with some of 
America’s top scientists, are hard at work developing 
electro-mechanical guidance systems that are 
capable of directing missiles to many points in 

outer space. 

Fantastic? Not at all. AC has built a world-wide 
reputation with outstanding contributions in the 
fields of guidance, navigation and fire control, 

AC is well on the way to development of control 
systems that can direct space-rockets on their way. 


THE ELECTRONICS DIVISION 
OF GENERAL MOTORS 
Flint, Michigan 


Milwaukee, Wisconsin 
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SOLVE 


sub-assembly plug-in 


PROBLEMS 


Wherever rack and panel connectors are needed, specify 
Blue Ribbons for outstanding performance. Blue Ribbons 
provide easy, smooth insertion and extraction even in 
blind entrance locations. Contacts are self-wiping, 
self-cleaning, flexing members that provide double contact 
action at all times. Blue Ribbons are tough, durable 
connectors with proved ability to take abuse—offer 
outstanding reliability. Dielectric material is diallyl 
phthalate; all contacts are gold-plated for best 

electrical performance. 


AVAILABILITY. Standard rectangular Blue 
Ribbons are available in 8, 16, 24 and 
32 contacts, guide pin or barrier 
polarization. Micro-Ribbons (size 
reduction shown above): 14, 24 and 36 
contacts, Circulars (shown right, half- 
size) offer a compact arrangement of 

50 contacts for special applications 


B) AMPHENOL ELECTRONICS CORPORATION 
_ chicago 50, illinois 
Canada; AMPHENOL CANADA LIMITED toronto 9, ontario 





WHAT’S NEW 


of process control (i.c., Bob Jeffries 
Nate Nichols, Mead Bradner). 
“Nate Nichols, Raytheon Mfg., 


buttoned up the two-day program 


Raytheon’s 
a Nichols 


with a discussion of the virtues of 
solid-state devices—mainly transistors 
in computers and control imstru 
ments. Most of the 500 registrees sat 
right through to Nate’s talk before 
heading back to plants—mainly con 
trol equipment manufacturers—all 
over the East Coast and as far west 
as Chicago. Some, however, stayed 
over to see the Yankees blast the ball 
out of Fenway Park on Saturday.” 


Buffalo, April 17-18 


Once again our machine control 
specialist, Byron Ledgerwood, hied up 
to Buffalo to take in Westinghouse’s 
annual Machine Tool Forum. “This 
year’s,” says By, “was the 20th annual 
forum, and the biggest and best yet 
Attendance was about 600, including 
representatives of all of the important 
machine tool builders. The first ses 
sion was devoted to numerical control 
of machine tools. After Lou Herchen 
roeder of Westinghouse introduced 
the topic, there were detailed de 
scriptions of the Binotrol system by 
Dave Smith (Jones & Lamson), the 
IBM cam miller by Mark Morgan, 
and numerically programmed discrete 
positioning systems by Marshall Brit 
tain of Westinghouse. 

“The new machine-tool electrical 
standards were presented by the Na 
tional Machine Tool Builders Asso 
ciation. As in the past, these were 
devoted primarily to the electrical 
problems encountered with conven 
tional industrial control equipment of 
the heavy-duty-relay and motor-starter 
varicty. Because of incoming com 
plex electronic control and program 
ming systems, there was some ques 
tion as to whether the standards 
should be revised soon to take in this 
new cquipment 

Ihe significance f the new 
NEMA standards for dc industrial 
motors was covered by M. E. Knud 
en of Westinghouse. His major 
point: the recognition of the dynamic 





PRODUCED FOR PUNISHMENT 


RHEEM REL -O9 


miniature RF 
power amplifier 


The REL-09 Miniature RF Power Amplifier 
has widespread application in airborne 
telemetering systems. 


To ensure reception of high quality 
signals, step up the power radiated from 
your airborne equipment. 


Select the power amplifier which normally 
exceeds your requirements for vibration, shock, 
temperature, and altitude. Use the Rheem REL-09 
for consistent results. 


Power output-11 watts; Input Drive-1.4 watts. 

















Detailed specification, price and delivery 
will be furnished promptly on request. 


You Can Rely on 








RHEEM MANUFACTURING COMPANY 








GOVERNMENT PRODUCTS DIVISION 


Bootn No, 135) RESEARCH AND DEVELOPMENT LABORATORIES 
Show LOS ANGELES ELECTRONICS LABORATORY 9236 EAST WALL ROAD, DOWNEY, CALIF 


August 21 thru 24th 


OTHER GOVERNMENT PRODUCTS PLANTS IN; DOWNEY, CALIF. © SAN PABLO, CALIF. + PHILADELPHIA, PA. * BURLINGTON, NJ. © WASHINGTON. D.C 
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characteristics of dc motors and the 
fact that most are being used on 
variable-voltage drives with their own 
generator sources. Since it is believed 
that many of these adjustable-speed 
de-motor applications will be rather 
‘special’, no standard frame sizes ar 
now assigned to these motor Phi 
use of Class B insulation plus a longer 





core length for a given armature di 
ameter reduces mechanical inertia 
materially and improve 

sponse. In addition, the nev 

have a slightly lower time constant 
for the main field, but this is not 


nificant compared to the degree 





mechanical inertia 
“The morning of thi nd day 
was devoted to prog f CYPAK 


over the pa t year and introduction of 


TIMING the new encapsulated units (Cth, Ma 
p. 26). Glowing succ tories on 
MOTORS the application of CYPAK were given 
by representatives of Ford Motor 
Guaranteed to pull 8 in. oz. at 1 RPM; operate smoothly, General Motors, and Chr A] 
evenly in any position at temperatures from —40 to | 140 
F. Start instantly under load. Available in 42 speeds from | | ted t , 
0.8 RPM to 600 RPM. 1as_ been limites Oo OI ( 
CYPAK-equipped machin the 
HIGH TORQUE MOTORS available with 20 in. oz. guar- liability 
anteed torque at 1 RPM. 





though the experience of h grout 


has been excellent 
ure of rectifiers only), and t 
1. Patented 2-piece field structure with wide and narrow : ' tion cycle time has been 
poles; rotor rotates between inner and outer poles; terially The Canadian W 
properly shaded with heavy, continuous copper rings; Co 
assures maximum starting and running torque 
Double bearings in reduction train and on rotor shaft , 
assure smooth operation, sustained accuracy, long ments dire ‘ tly arn d ut thn 
wear. tool field.” 
Aluminum rotor ring support, light weight, rigid. 
Patented, hardened steel rotor ring. 
Oil storage reservoir with patented oil feed to bearings 
permits motor to operate in any position 
Energizing coil meets Underwriters’ requirements, with i i 
ample safety factor " Milan, April 14 
Heavy brass rotor cover. Last month (CtE, Jun 
Double bearings on output shaft for long wear briefly 
Sealed gear case prevents oil leakage. 
Four standard mounting holes. Two hole mounting > ' 
available on request. Milan, April 8-13, and promised 
Brass gears. k more de tailed in ilysis bi J hn Hr tN 
Steel pinions. NOTE: Brass against steel assures long- of MIT. John sent on the p edin 
er life. ; “which speak for thems ind 
Bakelite gear for quiet operation. ked that “tl , & ted 
Output shoft shown equipped with 10 tooth 54 pitch remarked tha pth wa ne 
pinion, .130 in. face. Also standard with 10 tooth 48 with the fair were small an 
pitch pinion, .130 in. face; or solid steel shaft Ye in. devoted to well-establishe 
dia, x ¥%& inches. Special drives available. in the tele phone indust 


SYNCHRON TIMING MACHINES had a major exhibit 
Four basic external assemblies available in combination character 

with Synchron “610"' Motor. Friction clutch eliminates pos- John went on in hi 
sibility of damaging built-in gear train. Speeds from 1 cribe his wandering 


ar te 3 Wee and north Italy area, a “| 
i) well worth study by th 
A o neer. “I visited,” he wri 
Workhorse of the indusiny” | resistor factory in Milan 
| Olivetti plant in Ivrea 
HANSEN MFG. CO., INC., PRINCETON 14, IND. Purin also — 
ans at the conference 


FILL OUT READER-SERVICE CARD OR CONTACT REPRESENTATIVE: As you know, the indu 


concentrated in the nor 


introduced highly accurate 
tive-type linear position-mea 


described — the nternatior 


symposium on “Automation”, held 





FACTORY REPRESENTATIVES: The Fromm Co., 5254 W. Madison $t., Chicago, Ill. © R. H. Winslow 
Assoc, 123 E. 37th St., New York, N. Y. © Electric Motor Engineering, Inc., 8255 Beverly Bivd., Los 
Angeles 48, Calif. and 3907 Lyon Ave., Oakland, Cal the picture one 


land, ‘Turin, and Gen 
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— POWER SURPRISE! 





Built to Meet U/L Specifications 


Control more power in less space with this new Guardian 25 
AMPERE A.C. Power Relay for motor starting, heater loads 
and other heavy duty applications. Standard unit has double 
pole, double throw contacts rated at 25 amperes continuous 
duty, 230 volts A.C., with 75% power factor. Operating 
power requirement is 9. 5 VA.; coil drain approximately .080 
amperes at 115 volts, 60 cycles. Two easily accessible screws 
permit removal and replacement of completely interchange- 
able coil assemblies rated at 6 V.—24 V.—115 V. or 230 V., 
A.C. Relay measures 334” x 214" x 24%", weighs 11 oz. 


Write for Circular describing Guardian's New Power Relay. 
Request bulletins on Guardian Relays, Steppers, Solenoids 
and Switches. 


Gj] GUARDIAN@ELECTRIC 


1623-H W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LEME OF COMTROLS SERVING AMERICAM tuOuUtTAY 
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Free booklet te//s how to 


ee 


Add our brains and 
machines to those 
you have now... 











\y Here's additiona 
plant capacity 
available now 


MECHANICAL pivistion oF 


y 


a -- 
il 


mphee 
c inatrument-type gee" yrers 


enente « fine-piter rinding and tiniening 


or ° 
leat aseempies © wiles e precision mete ¢ utting, @ 
arn 


otre-mecher 
oo itary optical ae 


o inavetrial or mm 


You can avoid the pitfalls and problems of plant expansion, 
yet increase production and cut costs, by putting our experience, 
equipment and varied skills to work for you. We’re equipped to handle 
the most complex jobs from drawing board stage to final environmental 
testing. New free booklet describes our facilities, shows our products, 
names our customers. Write for yours today. 


MECHANICAL DIVISION 


or General Mills 


Dept. CE7, 1620 Central Avenue, Minneapolis 13, Minn. 


30 CONTROL ENGINEERING 


WHAT’S NEW 


[urin is the bnghtest 
industry 

Milan, SO pel cent of 
damaged during the war 
ilmost completely rebuilt 
trates drive and energy and i 
to produce Other than olated 
plants, it is the first city | have seen 
in moving from ‘lurk vest whi 
gives the impression of having a seri 
of strong, well-rounded production in 
dustries 

While evidence of domination b 
ingle larg COM pani l ( rvwher 
hiat, Olivetti, Motto, et there ar 
ilso numerous strong, young outfit 
doing very well. Neverthel iuto 
mation, in the terms in which we 
think of it, is barel rted. lor ex 
unple, Olivetti, de pate excel 
lent machinery, doc uy imazing 
amount of hand work and would be a 
paradise for the American production 
man. Some of this is due to the lov 
wage scale which, although mam 
times higher than before the war, 1 
till low compared to ou An aver 
age production worke1 hourly wage 
is of the order of 15 > cent 
although, just as ountt O 
cial security, health pla paid holi 
days, etc., give fringe benefit \ 
iat automobile cost ibout $1,800 
gasoline about 70 cents a gallon \ 
good meal in a restaurant runs about 
SO cent [his may give you some 
measure of the standard of living in 
the north 

he Italians are much interested 
in talking about automation, but | 
would say are a long way from consid 
cring it as we do. ‘There are reason 
for this, some good, som question 
able 1) the labor situation alread 
discussed—incidentally, there is a ver 
large source of low-cost labor in south 
ern Italy; 2) their markets are small 
ind diverse and lend themselves to 
mall-lot runs Ihey inherently b 
lieve that real accurate work—such a 
is involved in making a typewriter o1 
calculator—must be done by hand 
They believe that practically all 
pection must be done directly b 
men or women. Actuall certain 
mall-lot production ind in many of 
their inspection problem one can 
sec. great possibilitic fr iutomatv 
techniques Incidental! Qiivetti 1 
just coming out with a new calcula 
tor—a competitor to Monroe and It 
den.” 

\fter filing the above, Dr. Hrone 
headed for sunny southern lrance and 
busy, productive Switzerland We look 
for his comments on Sw precision 
work, perhaps in the next issue 





or Accurate, Reliable 
= Temperature Control 


‘% 


oe 


DPOSSSSSSSSSHSSHSSHSSSSSSHSESESEEE 


STACON V SERIES 
Self Operating Temperature Regulators — 


Feature a liquid filled thermal system for high operating power and 
uniform throttling action and has built-in over-load protection, Avail 
able in 50°F. and 100°F. ranges from 25° to 325°F. Direct and 
reverse acting units 4," to 1%" with screwed ends, and 2” to 4” 
with flanged ends. Bulletin No. 500. (Cash Standard Stacon Corp.) 


STACON TYPE VS 
Temperature Safety Regulators — 


Used in the supply steam or gas line and will protect a process by 
snapping shut when the process temperature goes above a desired 
temperature level. Easily adjustable and remains closed until manually 
reset. Available in sizes from 2" to 1)" with screwed ends. (Cash 
Standard Stacon Corp.) 


CASH STANDARD TYPE 51 
indicating Controllers — 


An air operated, mercury actuated proportional temperature controller 
Temperature ranges from —40°F. to 1000°F. Calibrated set point 
adjustment, unit construction, air relay with sapphire orifice and push 
button cleaner, feedback type proportional control with 1.100% band 
and differential gap. Also available with 1-150°%, proportional band 
combined with automatic reset action. Bulletin No. 978. (A.W. Cash Co.) 


CASH STANDARD TYPE 30 
Diaphragm Control Valve (With Type 51 Mounted) 


A rugged, dependable control valve—available in sizes Y" to 12 
with various styles of inner valves—reverse or direct acting. Accurate 
control is assured when the Type 30 is used with 5! or 57 controllers, 
valve mounted as illustrated, or where the controller is installed re 


motely. Bulletin No. 980. (A. W. Cash Co 


CASH STANDARD TYPE 57 
Recording Controllers — 


An air operated temperature controller with mercury, vapor, gas or 
organic liquid actuation Temperature ranges from 350°F. to 1200°F 
Available in 9” and 12” case size, spring or electric driven chart 


drive, on-off control or 1-100% proportional control 
All units have push button nozzle cleaner; proportional controllers also 


have sapphire jewelled relay orifice with push button cleaner. Bulletin 


No. 979. (A. W. Cash Co.) 


WHAT'S YOUR TEMPERATURE CONTROL PROBLEM? 


Cash Standard and Stacon have the answer or will find one 





Contact the Cash Standard temperature and pressure control special- 
ist in your area, or write Dept. F 


S TARI DARD 


A. W. Cash Co. and Its Subsidiary, Cash Standard Stacon Corp. 
P. O. Box 551, Decatur, Ill. 


PRESSURE HYORAULIC, TEMPERATURE PROCESS AND COMBUSTION CONTROLS 
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CALIFORNIA 


AMPLIFY 


MICROVOLTS 


with STABILITY 


ane oo CeLieotmia 


: 
On 


tc © 


BALANCE Overioand 


Gain 


KAY LAB MODEL 110 
CHOPPER STABILIZED WIDE BAND 
AMPLIFIER FEATURES 


t 2 pv DRIFT 

1000 x GAIN 

10 GAIN RANGES 
5 py NOISE 

* 25 V OUTPUT 
30 KC BANDWIDTH 
100 K INPUT 


USE FOR LOW LEVEL DC 
INSTRUMENTATION .. . 
STRAIN GAGE AMPLIFIER . 
RECORDER DRIVER... 
THERMOCOUPLE AMPLIFIER 


Representatives in all major cities 








LAB 
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WHAT’S NEW 


Rear Adm, F. L. Hetter, Commanding Officer of ASO, proudly demonstrates one of the 
magnetic-tape data-storage units in the IBM 702 system that his base successfully uses 


in world-wide inventory control. 


Navy Digitizes 


PHILADELPHIA, May 22—Chalk 

up a 21-gun salute for the officers and 

technicians at the Navy’s Aviation 

Supply Office. In their huge, brick, 

suburb-ringed facility here, they have 

been quietly perfecting what is pet 

haps the world’s largest—and certainly 

its most successful—digital inventory 

control system. Just a few of its fun 

tions: 

P keeping track of 
items 

P covering 63 different shore-base lo 
cations 

> cutting order time for parts by 50 
per cent thus far 

P providing “management” reports 
for: planning procurement ahead by 
as much as three years; cataloging 
parts lists; scheduling worn parts 
maintenance 


$50,000 separate 


A Magazine Article Started It 


Once the Navy got the idea it 
didn’t spare the knots in pushing it 
along. It originated back in 1949, 
when an officer at the base scanned a 
magazine article on electronic data 
processing. A terse note, ‘““We could 
use this,”’ started the problem toward 
the National Bureau of Standards, 
where Samuel N. Alexander (CtFE, 
May, p. 87) directed development of 
the prototype system. Next a con 
tract was placed with IBM for one of 


The onlooker is Rear Adm. R. J 


Arnold 


Its Air Supplies 


It was delis 


ilthough 


its first 702 machin 


cred months ago and 
positive results came almost immedi 
itely, Base Commander Admiral Het 
ter wisely let the project coast into 
officially 


reasonable maturity befor 


unveiling it to the pre 


“Not One Delinquent Report” 


Stock-re port information now comeé 
in from far-flung bas« letter—al 
though 14 main locales will soon be 
hooked up directly to ASO by trans 
Celvel Ihe data 1 onverted to 
punched cards and these are read into 
tape storage The 702 then draws its 
data from a vast tape library as well 
as from rapid-acce magnetic drums, 
collates 
out the reports on high 
And as Admiral Hetter 

loday 
quent report on board thi 

Just as 
ire the enthusiastic, articulate 


and/or compute ind reel 
peed printer 
proudly says, 
delin 
tation 


there is not a singlk 


impress! is the system 
young 
officers and men who run it. The 
pride in saving the taxpayer incredible 
sums of money is great, of course, but 
it can’t compare with the pride that 
comes through pioneering in a difh 
cult technology. They have forged a 
logistics weapon that could well be 
the nucleus of a giant EDP system 
for controlling 
through all the armed services. 


material into and 





AIRCRAFT-MARINE PRODUCTS. INC. 


HARRISBURC. PA. 


AMP [eons 


SHIELDED PATCHCORD 


PROGRAMMING SYSTEM 





revolutionary Cellular, Shielded 
Patchcord Programming System 


is constructed of molded nylon blocks alternated 





with interlocking metal strips. The hole in each 

block accommodates: standard patchcords, co- 

axial (shielded) patchcords, or special “L” type 
shielded patchcords. 

This cellular system of construction pre- 

vents current leakage from one circuit to an- 

other, while providing all the advantages of 

a metal patchboard. Its insulated surface and 


The illustration shows how Berkeley Division flexibility of arrangement, spacing and color 
of Beckman Instruments, Inc. 
is using A-MP’s new Patchcord System 


in its new EASE* 1200 Analog Computer. puters, test equipment, business machines, 


coding offer exceptional versatility on com- 


and all types of automated industrial and 


military equipment. 


AAP. 


Aircraft-Marine Products, Inc 
GENERAL OFFICE: HARRISBURG, PA. 





A-MP of Canada, Lid., Toronto, Conada 
A-MP—Holland N.V., 's-Hertogenbosch, Holland 
Aircraft-Marine Products (G.B.) Ltd., London, England 
Societe A-MP de France, Courbevoie, Seine, France 





contact tip 


*Trade mark, Berkeley Division of Beckman Instruments, 





WHAT’S NEW 


Important Moves 
by Key People 


> Several MIT engineers, led by James 
O. McDonough, have left the Servo 
mechanisms Lab to open their own 
busine n Cambridge, Mas 
the name of Concor 
Most of the men h 
nent parts in the development of 
ontrolled machine tool 
McDonough for example 
vho had been i project engineer ther 
mce 1951, he Iped with the de gn 
ind construction of the first milling 
machine to be omplet ly 
by digital te hnique Ile jomed 
MIT in 1946 to w cial d 
ervomotors and Ol vell 
on the instrumentation iid ontre 
of the Brookhaven National Labora 
to! nuciear reactor Other othcet 
ot Concord Control, besides President 
McDonough, are Herbert P. Grossi 
mon, vice esident for 

Richard W. Lawrie, vic« presides 

iles; Robert H. Gregory, 
ind treasurer, and Charles M. Ganson, 
lerk 

With th ippointment of Vice 
President Alfred J. Pote to director of 
engineering of Ilycon L[astern, In 
Dr. Howard W. Boehmer moves up 
to fill Pot forme! position of chief 
enginee! Pote, who came to H 
from MIT's Lincoln Laboratory, whe 


he had been head of the Communi 


unde 
Control, In 
iv¢ played promi 


Humcri 


in the lab 


ontrolled 


| ) 


comptroll 


tip 


tion Svstem Desig 1 Group, mor 


| 
fast: he only joined Hycon last Juhl 
While at MIT, h 


ment for high powerce 


designed equip 
idhio-frequency 
ind operated 


sources, designed built 
the first television transmitter in New 
the Loran 
direction-finder He is the imventor 
of the saturable-core voltage regulator 
Bochmer h not lost 
either: he came to on just recent! 
is assistant to the vice pre ident An 


other former Lincoln Lab man, le 


England, and contributed t 


much tin 


vas In charge of e Si m Analysi 
& Evaluation G 

ha been | 

Stromberg 


Catiney 
ident ft 
ister (Lo p 
follo hl rrival thie ompan 
by bare 
director of ! crn | 
hild Guided Missile Ii mad a 
eneral mana of ‘TI Polytech 
Research & De clopment Co 
> Edward S. Ruth has replaced Frank 
R. Bridges as chief en r of Thi 
Gamewell Co. Bridge has resigned 
Ruth, who was du or of 1 ich 
cngmecring lopment 
hid irds Co 
Gamewell in 19 
technical mimiutt 


electrical Manuf 


3 


, 


H. W. Boehmer I’. J. Gaffney 


E. S. Ruth 


H. Howard M. B. Prince 


WHEN YOU NEED 


Switches 
and Keys... 


...» you'll be glad to know 
that expanded production at 


STROMBERG-CARLSON 


now makes available to you the 
top-rated products formerly dis- 
tributed only to the Independent 
telephone industry. 


This announcement promises the 
two most important things in your 
supply problem—quality in the 
products and no priority in orders 
for these hard-to-get iterns 

The 62-yeat 


Stromberg-Carlson is your guar 


reputation of 


anty of excellence. And our boom 
ing expansion program lets us of 
fer production to industries we 
could not supply in years past 


START with a look at 
our new catalogs 

on request, Or, i} 
have an immed 
and specific problem 
write to the addre 
helow and we'll 
pest a solution 


S- 
e 


STROMBERG- CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELEPHONE INDUSTRIAL SALES 
112 CARLSON ROAD, ROCHESTER 3, N.Y 
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MODERN 


ELECTRONIC 
ENGINEERING 


GIVES 
PRECISE 


SERVOSPEED 
MOTOR CONTROLS 


DIGITAL CONTROL 
ANALOG CONTROL 
SYNCHRONIZING 
SEQUENCE CONTROL 
VARIABLE SPEED 


Write or call for 
further data 


erwogpecd 


O'v. of 


ELECTRO DEVICES. Inc 


4 Godwin Ave., Paterson, N. J 
ARmory 4-8989 
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WHAT’S NEW 


R. B. Cory 


Pirom his headquarters at Under 
wood Corp.'s General Research Labo 
ratory in Hartford John H. 
Howard, the new director of research 
and engineering, will pilot activities 
in Bridgeport, Conn., Burlington, 
N. J., and Long Island City, N. Y 
Howard's previous connections includ 
Burroughs Corp 
neering 
search 


Conn.., 


(manager of engi 


services), Engineering Re 
Associates, Inc. (director of 
development), Sperry Gyroscope Co 
(project engineer), and MIT’ (research 
associate). He chairmanned the 
AIEE-ACM-IRE Computer 
mittee in 1953 and th 
Group on Electronic 
1953-54 

PA similar title, that of director of 
research and development, has been 
assigned Morton B. Prince by th« 
National Semiconductor Div. of Hoff 
man Electronics Corp Prince ha 
been with Bell ‘Telephone Laboratorie: 
and MIT’s Research Laboratory of 
Electronics, and has lectured at 
Stevens Institute of Technology 

> Dr. Robert B. Cory, an authority 
on airborne computers, has joined the 
engineering staff of ‘Trio Laboratories, 
Inc, Cory has taught physics at RPI, 
the University of Arizona, and Colo 
rado A&M 

> Dr. John A. F. Gerrand, named 
director of geophysical research in the 
Central Research Div. of Texas In 
struments, Inc., will supervise the 
work of TIC’s subsidiary Geophysical 
Service, Inc., and its eight affliated 
companies. Gerrand, who formerh 
held the same position with Houston 
Technical Laboratories, another TIC 
subsidiary, replaces Dr. Hal F. Jones, 
now chief engineer of HTL His 
previous affiliations include Electro 
Technical Laboratories, Northwest 
Seismic Surveys of Calgary, Can., and 
California Standard Co. of Canada 

> The new manager of the Quality 
Control Dept. of Airborne Instruments 
Laboratory, Inc., is Oliver Simms Jr., 
formerly with the OC Dept. of Sperry 
Rand Corp. He has lectured in hi: 


joint 
Com 
Professional 
( omputers in 


J. A. F. Gerrand 


Oliver Simms Jr 


held at 
N. ¥ 
P The appointment of 
Johnson to the nev 
pre ident for reseai 
ment of Lockheed 
resulted in two change 
California Div., whe: 
chief 


promotion are 


Hofstra Col llempst 


I 


Clarence 


| 
| 


engineer I hie hang both 
John B. Wassall, 
stant chief engineer, to 
engineer nd M. C. 
Haddon, formerly ch project engi 
neer, to chief Johnson, wh 
Lockheed 
division 
erimental 


ned 


formerly a 
director of 


Cngincel 
will continue contacts wit! 
three aircraft and 
with certain 
of the Calif 
the company in 19 

rew th 


first 


is well a 
project 


hand-picked 
the P-80, the 
combat, and 
I’-104, the 
just last 
Aircraft 


heed’s 


to ( 
in of the 
Tr Ut iled 
Wassall left Beech 
Lock 
Airplane 
part of Lock 
ined Loch 


uperv) 

Superson high 
April 
Co. in 19 


jOln 


t 
then-subsidiary \ i 
Co., which became a full 


heed in 1944. 
heed in 1940 
> When Dr. Charles R. 
formerly director of Cornell 
itv’s School of Electrical Engineering, 
takes over this month as vice-president 
lord Instrument 
pro} cts to be handed 
for the 


Haddon 


Burrows, 
Univer 


for engineering at 
Co., one of the 
him consists of lord’s design 
nation’s first closed le gas turbin« 
nuclear reactors An rnationall 
known scientist, Burrow ha 
associate chief scientist of 
Electric’s Advanced Electronics Center 
and a specialist in electronic research 
it Bell Telephone Laboratori He 
has been president of the IRE and 
of the Joint Commission on Radio 
Meteorology of the Internation Coun 
cil of Scientific Um irrenth 
is vice-president of the International 
Scientific Radio Union 

> lorty-two years ago Thomas J. Wat- 
son Sr. became pr of the 
puting-Tabulating-Recording Co. and 
borrowed $40,000 to bring the rocking 


been 
General 


, 
ident 


(Com 





Sanborn 
oscillographic 


stem 


PRIMARILY 
Tas new self-contained 8-channel oscillo- FOR USE WITH 
teat tart pe. system, primarily for ANALOG COMPUTERS 


limited to) analog computer record- 
ing, measures only 46)4"'x 27x 22” Ina 
single, space-saving mobile package, the user 
has a complete system for analog computer 
readout recording. Input cable connections 
are easily made at the top of the back panel. 
Eight groups of controls for the eight chan- 
nels are conveniently located on the sloping 
top panel. Driver Amplifier chassis are 
easily withdrawn from the lower part of the 
console for inspection. Paper loading is 
quickly done from the top 
Features of the Model 158-5490 system 
include 0.1v/em to 100v/cm_ sensitivity; COMPLETE 


over-all linearity of 0.25 mm over the entire 


4 cm of the chart; drift less than 0.5 COMPACT 
mm/hour; push-pull or single-ended input; SELF-CONTAINED 


miniaturized dual-channel DC amplifiers 
of improved current feedback design; 5 meg. 
input impedance each input lead to ground; 
true rectangular coordinate recording; nine 
chart speeds from 0.25 to 100 mm/sec, 
Frequency response is flat to 20 cps, down 
2 db at 60 cps for all amplitudes to 4 cm 
peak to peak. 


FAMOUS "150" SYSTEMS .. . for all recording requirements 


4-CHANNEL k 1 


2-CHANNEL 


Senborn will gladly furnish complete descriptive dete on the 
new 158.5490 System and all “regular 150" systems, or engi- 


In laboratories, production testing facilities and field installations nationwide neering assistance on your recording problems, whenever you 
Sanborn 150 Series Oscillagraphic Recording Systems ere proving their wish. Centect your Sanborn Representative, or write te... 
versotility and value. Users have a choice of basic systems ranging from 


1 to 8 channels...” kaged” ble units i ertical bil 

Fa Ragen ah ge ode alae deat at SANBORN COMPANY 
cupid, soonemios! changeover te now input sequiremente. INDUSTRIAL DIVISION 

195 MASSACHUSETTS AVE., CAMBRIDGE 30, MASS. 
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| WHAT‘’S NEW 


ACTUAL SIZE 


firm to its feet. He put $25,000 of 
the money into an engineering labora 
tory and the rest into a salesman-train 
ing program, and came up from the 
floor with an industrial empire known 


i IBM | ist Mar Wat nh. now 


urrendered the post of chief executive 


of his company to his son, ‘Thomas Jr., 
who has been president since 1952 
I'he change capped a meteoric rise b 
the younger Watson, who since fhe 
war has held the posts of assistant to 
the executive vice president, vice-presi 
dent, executive vice-president, and 
president He will continue in the 
presidency, while his father will con 
tinue as chairman of the board. 
e e > T. P. Heuchling, formerly with UI 
rat slailiiiiehitias trasonic Corp. and MIT's Servomech 
anisms Lab, has joined Feedback Con 
trols, Inc., as chief enginee: 
CENTRIFUGAL > Morris F. Ketay, president of Nor 
den-Ketay Corp. and founder of the 
predecessor Ketay Mfg. Co., has retired 
BLOWER to “‘a less active role’’. His successor i 
former Executive Vice-President Perry 
R. Roehm, who came to N-K in 1955 
after serving as vice-president of Bat 
den Corp Ketay will continue as a 
H ; consultant and as a member of the 
ere is the most compact centrifugal blower unit hoard 
made rae EAD’s high-velocity subminiature centrifugal a ae oe a eer eee 
blower is only 2%” long, weighs only 6 ounces, yet it can ‘ ; “sein ° 7 
move 13 cfm of air at a velocity of 3,000 feet per minute Inc., has named Richard Gode chiet 
and the volume holds up at high static pressures. It is design and deve lopm nt engineer for 
driven by EAD's new one-inch diameter motor. The metal its Switch Div. Gode has had ex 
blower housing can be rotated to any position desired perience in the petroleum engineering 
for maximum efficiency in cooling radar equipment, 
amplifier units, transmitter equipment, oscillators, and in 
other applications where high temperatures in confined 
areas demand miniaturized blowers with the highest 
possible performance characteristics. EAD’s subminiature Public Service Co. of Oklahoma 
blower units meet all applicable MIL specification, and P The Application Engineering Dept 
low temperature rise makes them suitable for high altitude of Minneapolis-Honeywell Regulator 
and high ambient temperature operation. Co.’s Brown Instrument Div. recent 


ind geophysical departments of some 
of the major oil and utility companic 
including Service Pipe Line Co, and 


gained 30 years’ more experience, ‘Thi 


13 @ O” SP 7 @ O” SP 1S how long Louis (sess, the depart 
10 @ 1.0” SP 5 @.2” SP ment’s new staff consulting engineer, 
MAX. SP. 25 0.6 has been in the instrument engineer 
RPM 20,000 11,000 ing field. 
AMPS 0.1 0.06 > The Instrument Div., the fifth and 
WATTS 10.0 6.0 Modifications of last division in Fischer & Porter Co.’ 
CAPACITOR standard models divisional decentralization program, 
Aid /Volts ~ — pm tegen gg has been organized under Donald J. 
WEIGHT 6 ‘6 engineered to meet Tricebock, formerly assistant to the 
(OUNCES) your species cooting sales manager. Tricebock came to F&P 


needs. Write for ase 
L__.MODEL NO. B2G0U-¢ B2HOU-C complete information. in 1952 from RCA Victor, where he 


had been an electronic design engi 









































1cCcT 


EASTERN AIR PDEVHES. INC P All of The W. L. Maxson Corp’ 


electronic research and development 
SOLVING SPECIAL PROBLEMS IS ROUTINE AT EAD activities are now under the supervi 


i ty (f ) v3 4 f Murray Simpson, Maxson’ 

( (A. i ) ¢ fy (4 ry (( “ sion oO urray Simpson, axson § 

((@ a ( y Lest ( XY ‘¢ new assistant vice-president. Simpson 

INDUCTION MOTORS CENTRIFUGAL BLOWERS TACHOMETER GENERATORS FANS ALTERNATORS GLAR M Ry formerly was with | aire hild S Guided 

375 CENTRAL AVENUE © DOVER, NEW HAMPSHIRE Missiles Div and Raytheon Mfg 
Corp 
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Panalog Information Systems 
guide management in raising 
plant output and profit 


Panalog 605 Information System supplies management control 
information. Now, operating personnel and management can receive 
organized digital information on any process, instantly and continu 
ously. Information can be presented in a variety of forms for im 
mediate control action as well as for engineering and accounting 
analysis. A typical presentation method employs an electric type 
writer and patented log chart. Readout can also be made on punched 
or magnetic tape, punched cards, or can be fed directly to computers. 


Periodically logs and continuously scans. A precision servo measur- 
ing system quantizes process variables during automatic, periodic 
logging. A high-speed electronic measuring system detects off-normal 
conditions during continuous scanning of all variables. Normal and 
return-to-normal values are printed in black—-off-normals in red. A 
complete log of all variables as well as a summary of off-normals can 
be made at any time 


Completely flexible and expandable. Panalog components are stan 
dardized, packaged modules. The system can be easily expanded or 
modified in the field. The Panalog 605 is sufficiently flexible to supply 
digital information for any management requirement 


Write for literature. Literature presenting a comprehensive treatment 
of the Panalog 605 is available. If you wish, a Panellit representative 
in your area will be happy to discuss the possibilities that a Panalog 
Information System offers your company 


Full scale, adjustable, high and low off-normal Logged value ‘ uped b 


processing unit 
limits are provided jor each input variable on enart 


4 alarms accompany de 
Basu em capacil 100 points uith one elec tection of off-r als When scanning. off 
tric typewriter can be expanded Accuras normal alu we lentified and printed in 
) # full « range Logging apeed eparate ha . T otalized j averased 
approximate 


ane 
minute. Scanning values as well 


° per a ; ° e iciencien can he auto 
speed, five point er second, between logs matically computed and re 


corded by the system 


Engineered Information Systems For Industry 


one Heel py 4/1 PANELLIT, INC. 


Graphic Panels Panalarm Instrument 7461 N. Hamlin Ave., Skokie, iil 
Control Centers Annunciators Services Division Panellit of Canada ttd., Torente 14 
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Model ai Digital Magnetic Tape Handler 


The Ultimate in Digital Tape Handlers for High-Speed 
Computers, Electronic Business Machines, Industrial 
Control and Other EDP Applications. 


Regardless of cost, many features are exclusive with Potter 


Speed and ease of operation—Up to 75'/sec in a variety of 
dual speed combinations, with 3 msec starts and stops. 

Tape widths from %4"' to 1%’ are accommodated. Automatic 
threading, fast rewind, end-of-tape sensing, and front panel 
or remote control provide unmatched flexibility and ease 

of operation. 


Standard 19” Rack Mounting—Hinged front panel provides 

quick access to mechanical parts and plug-in electronic 
components. Transparent dust cover protects tape and moving 
parts without hindering visual observation of tape track. 


Auxiliary Equipment—A complete line of digital data-handling 
accessories is available, including record-playback heads 
(Model 6400) in numerous channel number and tape width 
combinations. Record-playback amplifiers can be furnished as 
individual plug-in units (Models 52, 53) or in complete systems 
(Model 920) for return-to-zero or non-return-to-zero recording. 
Shift registers, high speed printers and other data-handling 
components are available separately or in integrated systems 
for solving specific data-processing problems. 


FOR INFORMATIVE BULLETIN . . . and feel free to consult Potter 


engineers on your data-handling problems. No obligation, 
of course. 


POTTER INSTRUMENT COMPANY, INC. 


tter Mill Rood Great Neck N 


‘ 
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WHAT’‘’S NEW 


ment Div. of The Perkin-Elmer Corp 
are: R. V. Harris to assistant general 
manager; John G. Atwood to director 
of engineering, and Henry F. Brock- 
schmidt to director of manufacturing 
Harris came to P-E in 1949 as di 
rector of production itter experience 
with the MIT Radiation Laboratory, 
General Electric, and ‘Taylor Instru 
ment Cos, Atwood, with P-] Ince 
1948, most recently was technical a 

istant to the director of engineering 
He previously had been with M. W 
Kellogg Co. Brockschmidt, formerly 
with Barber-Colman Co., joined P-] 
in 1951 as assistant director of pro 
duction and was assigned to foreign 
operation in 1955 

> Wayne K. Hodder, formerly with 
Hughes Aircraft Co., General Preci 
ion Laboratory, and MI'T’s Radiation 
Laboratory, joins Consolidated Ele 
trodynamics Corp. as a senior develop 
ment engineer specializing in airborne 
instrumentation system 

P'The Acronautical Div. of Robert 
shaw-Fulton Controls Co. has named 
Vernon H. Vogel director of engineer 
ing, a new position. He will be ex 
pected to implement a_ project ap 
proach linking the developmental and 
production ictiviti of the division 
> American Machine & Foundry Co 

Mechanics Research Dept. of Chi 
cago, which deals in such fields of en 
ginecring mechani is heat-power, 
thermodynamics, automatic machine 
function: instrumentation, applied 
electronics, etc., has a new director 
He is Dr. Severin Raynor, most re 
cently chief of the Engineering Div 
of the University of Chicago’s Chicago 
Midway Laboratories 

> Robert R. Lent, ippointed West 
Coast coordinator for the Electronic: 
& Instrumentation Div. in Baldwin 
Lima-Hamilton Corp.'s guided missil 
program, comes to B-L-H from Rea 
tion Motors, Inc 

© Electronic Engineering Co. ha 
made a television star out of an ele 

tronic engineer. The engineer, Dr. 
Martin Klein, simplifies the inside: 
of complex electronic devices for Sat 
urday afternoon T'V audiences on the 
companys program Wire ind 
Pliers” 


All Around the 
Business Loop 


> The Journal ot Commerce ime out 

May 14 with a pretty heady statement 
, 4 

about recruitment of high-level per 

1] rol-field cor ae 

sonnel by control-heid companies bid 


ding on military contract And to 
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Transportable Packages Grow 


into Miles of Communications in 2 Hours 


A microwave station that can be transported to a site 
by helicopter and then put into operation in as little 
as two hours has been developed by Motorola for the 
U.S. Air Force. The equipment was designed to satisfy 
Air Force requirements for high information handling 
capacity, transportability, and quick installation 


Positions oper for Engineers and Physicists. 


Law MOTOROLA 


COMMUNICATIONS 4&4 ELECTRONICS DIVISION 
National Defense Department 


2710 WN. Clybourn Ave., Chicago, tif. Laboratories: Phoenix, 


Arizona and Riverside 


JULY 


California 


1956 





WHAT’S NEW 


rat I point t 


rac\ ot top-rankin tist thi 
Journal told how The Ford Motor Co 


} 
1D 


went about setting u 
idiarv. Aeronutronic Systems, Inc. If 
invthing, the newspap lection 
was unique It rta t rele 
| int 
Before be 
: SERVO Acronutronics was kn oyeame 


Research Corp. It ! 1 gO 


MOTOR- i ‘ . under the latter nam t out hi 


° months. or ever since it r ey 
GENERATORS aged is ee a Se a left Lockheed Aircratt ( orp.’s 


FOR EVERY Missile Svstems Div. t 
for themse}l 


1 
PURPOSE ‘ . Calif Ctl 
\/ 


ha b cn } 
ince that 
men who 
issociation Ww 
break In any 
of the imagination t 
, ; : = d awav wh 
Kearfott Servo Motor-Generators are characterized by low rotor inertia, low sealed | oe 
time constants and high stall torque. Motor-Generator combinations pro- rrieVve | MP 
vide Y to 3.1 volts per 1000 R.P.M. with an extremely linear output Over a According } : ‘0 . 
speed range of O—3600 R.P.M. and useful output up to 10,000 R.P.M. o “ er ¢ 
ficld wi rang t 
tem to possibl 
outer space”. With 
! ‘ Oo WOT ad 
CHARACTERISTICS this, it's n , 


to ect Aeronutron 
TYPE MOTOR GENERATOR before it decid 


* New Size 11 low cost, Servo Motor Damping Generator Type R 809, 








OUTPUT can be ¢ rried on 
STALL TORQUE NO LOAD SPEED | FUND. NULL LINEARITY 
DAMPING or whether new fa 


SIZE 10 35 O17. IN 6000 ) 5% built This much 
SIZE 10 30 OT. In 8500 , 5o ; 
NEW & 609 43 IN 5900 + so tain, Acronutron 
SIZE 15 5 IN 4000 ; 5%, ] | vn hi i \\ 
SIZE 18 24 IN 5000 5 | 5% 
SIZE 18 7. IN 9600 3/) 5% 1 weapon vst 
RATE | proy ct ind 
SIZE 15 5 10,500 ] soy ver conception thre 
SIZE 15 Ol 4700 , . 
SIZE 18 Ol 4700 ' - its manufacture 
SIZE 18 30 OF sabe +o + 


*INTEGRATOR 


size 15 76 O1. in 6300 400/1 } 10) million 
SIZE 15 1.25 OZ. IN 4500 400/1 sete 

SIZE 18 1.35 OL. In 7200 400/) | th 
SIZE 16 2.4 O2. IN $200 333/) 7 coed 
SIZE 16 3.0 OZ. IN 8000 333/) mihon mor ) 











go ] 
re 1 good 








eside vnceh. who ha 
"integrator Tachometers are temperature stabilized ! I nen ! 
Ford’s Office of Def 
& Government Relation 


other ¢ ct ll forn 

Kearfott components satisfy all re- th t offices . 

quirements for high accuracy, lieht Systems Re Carey n 

weight and small size M K 
KEARFOTT COMPONENTS INCLUDE: 

Cryros, Servo Motors, Servo and Magnetic IH] John aa dit 
Amplifiers, Tachometer Generators, Her h V 

metic Rotary Seals, Aireraft Navigational Dr Jo pa 


Systems, and other high accuracy mechan ” ” v \ 


rause 


ind developm i 


( rod Halil 
ical, electrical and electronic component 


San Francisce 
Send for bulletin giving data of Counters | | 
and other components of interest to you be Ing CONSIGCTCE y 
ubsidiarv, which 
between 1.000 and 
KEARFOTT COMPANY, INC., LITTLE FALLS, N. 3. 1958 
Soles ond Engineering Offices: 1378 Moin Avenve, Clifton, NJ PT hic protots pe: f Stanford Research 
Midwest Office, 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dollas, Texas Institute’s Electron Re ling Ma 
West Coast Office: 253 N. Vinedo Avenve, Pasadena, Calif, P hine, A counting that | Ine Bank of 
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Information-gathering costs down 60% ... test results 
available in 65% less time! That's the story at Marquardt 
Aircraft Company's “Jet Laboratory” in Van Nuys, Cali- 
fornia, since installation of a CEC Data-Processing System 
Custom-designed for Marquardt’s specific needs, the system 
helps their engineers evaluate a new ramjet “at a glance” 

helps checkmate troubles at the very outset of testing. It 
brings true automation to the reduction, listing, compensat 
ing, and computation of data, formerly accomplished 


entirely by manual means 





Dynamic and static testing the function of the 





Marquardt System is but one of the fields to which Con 
solidated’s Systems Division can bring the full, combined 
benefits of automation and instrumentation. Whether you're 
interested in such engineering and development testing 


or in process monitoring and control, ¢ hemical analysis, or 








data processing let CEC’s Systems Division look at your 


problem. The results will pay off for you for years to come 


less time, 
less cost 
fo) ame) gele lero: 


development 


Here’s how Marquardt’s CEC Data-Processing provides 


more data at less cost in less time 


samples 100 channels in 0.25 second or scans an individ 


ual channel at any rate up to 1200 samples per second 


automatically amplifies and d es temperature, pres 


sure, and flow measurements 


records digital information on magnetic tape for transfer 
to punched cards or to an electronic computer at whatever 


rate demanded 


connects any data channel into any or all of three data 
presentation modes: recording osci lographs high spe ed 
digital converter, or remote mete 


For more facts on what CEC Systems Engineering 


generates a precise time base for recording along with 
can do for you, write for Bulletin CEC 1304-X24 


data at instant of sampling 


gathers and stores digital information by means of a 


F ai : lape 10-¢ ard converter (maegnetic-memory drum and relay 
Systems Division — Shemical : , 
Analysis storage) for utilization by IBM punch 


Electronic 


Consolidated Electrodynamics Corporation 


Instruments 
formerly Consolidated Engineering Corporation 


for 
300 North Sierra Madre Villa, Pasadena, California—SALES AND SERVICE OFFICES IN: Albuquerque, Atlanta 


Boston, Buffalo, Chicago, Dallas, Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D« 


Measurement 


and Control 


| 
| 
| 
| 
| 
| 
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N 7 Jewel-bearing 
“LO-TORK™ 


ACTUAL SIZE 


0.01 ounce-inches 
PRECISION 
POTENTIOMETER 


Jewel bearings for lowest torque, and superior seal against 
surroundings that contain abrasive dust, make this new, Model LLT % 
Waters pot the ideal unit for high-reliability service where minimum 
torque is essential, With torque low enough to permit actuation by a 
Bourdon tube or a bimetallic thermal element, this potentiometer 
offers new advantages in sensitive-instrument applications as well 
as in computer, servo, and selsyn uses. Check your needs with these 
specifications: 

Maximum torque: sane 0.01 ounce-inch 
Dissipation: . one watt at 80° Centigrade 
Resistances: ..... 100 ohms to 100,000 ohms 
Weight: esos ee, 
Outside diameter: 0. 885 inch Body depth: % inch 
Linearity: 0.5% standard; on special order, 0.25% 
Winding angle: 354° standard; on special order, 360 
Ganging: to six decks with no increase in diameter. 


Where the features of a ball-bearing potentiometer are desir- 
able, specify Waters Model LT % “Lo-Tork” potentiometer 

Write for data sheets on jewel-bearing and ball-bearing pre- 
cision wire-wound potentiometers. 


Do you ever need pots that are “just a bit different’’? 

Maybe we can help you — by modifying a standard 

Waters design or by taking a bold, new approach. Tell 
us your need and we'll tell you what we can do. 


WATERS "sis 


ATION ENGINEERING 
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WHAT’S NEW 


America installed 

late last year (Ctl 

p 18 » ha proved 

ner of the bigge 

industrial compute 

order represent 

for President S. Cl 

1955 envisioned a b 

ing bank accountant ( 

them named ERMA. Th A 
puters, to be built by General Elec- 
tric Co.’s Electronics Div 
leased by SRI at M 

will be somewhat 

San Jose mode] Th 

the use of transistor 

uum tubs 

No word has be 
cerning the cost of th 
t’s known that it will be a major ad 
dition to Gl Industrial Computer 
Section program. Besid e contir 
gent at Menlo Parl 
Svracuse, N. Y., facil 
Alto, Calif laborato 
the bank’s order and 
delivering component IC 
Manned by eight operat ind 
on a two-shift basis, ERMA will 
form the daily book} 
more than 55,000 
ing account 
> Military orders fo 
delivery of precision engine contro 

tems for advan bine-con 
trolled aircraft and ded missile 
have catapulted Sperry Gyroscope Co 
into the field of supersonic flight. ‘The 
orders, measured in ms of dol 
lars’, call for a shock 
trol system for a 1 
variable geometry 
upersonic hg shter eng 
ill improbable that 5] 
Sunnyvale (Calif.) Development Cen- 
ter and its equally new Microwave 
Electronics Div. wil! ha ng! 
in the project 

[he center's two 10 
ings will specialize 
trol, servomechani 
ystems under the « 
main Engineering Div 
Wheeler, chief eTl i 
cess, N. Y Manag 
F.. B. Hammond, former he 
the Airborne We apon Svstems’ Engi- 
neering Dept. 

Under Manag | j J Vanag 
lia. formerly director of the Surface 
Armament Engineering Dept., mor 
than 800 persons in the M 
Div. will work on wv 
tems. Microline test 
tennas, and pre I 
> Under a permit 


] 








Check These Features 


@ High frequency performance 
@ Extreme reliability 

@ Uniformity of characteristics 
® Rigid quality control 

® Minimum battery drain 

® Low leakage currents 

® Low operating voltage 

@ Absolute hermetic seal 


® Meet MIL-T-12679A Military 
requirements 


SJ |i keemee) ilo) vy Wile). 


Now Available... 
FIRST HE TRANSISTORS 


now in production, meeting 


% Army Signal Corps Standards 


A wide variety of military 
equipment, once impossible to 
transistorize due to frequency 
limitations of available tran 
sistors, is now being developed 
with Philco Surface Barrier 
Transistors. 


PHILCO SBT 


SURFACE BARRIER TRANSISTORS 


(Type 2N128 and 2N129) 
Meet MIL-T-12679A Military requirements 


Now available for large volume military and industrial applications . the high 
frequency Philco Surface Barrier Transistors that were developed for the Army Signal 
Corps to meet the stringent requirements of field use in military electronics equip- 
ment. Advanced precision techniques used in fabricating the Philco Surface Barrier 
Transistors make possible rigidly controlled automatic manufacture with its resultant 
uniformity, reliability and high volume production. These reliable transistors point 
the way to new fields in transistorization. Make these reliable high frequency Philco 


Surface Barrier Transistors part of your forward looking plans 


For complete technical information on these High Frequency transistors write 
Dept. CE-3, LANSDALE TUBE CO., Lansdale, Pa. A DIVISION OF PHILCO Corp. 





LANSDALE TUBE COMPANY DIVISION 


LANSDALE, PENNSYLVANIA 


TALLER < COOPER 
MONITORING 
AND CONTROL 

EQUIPMENT 


For a giant plant 
or a single laboratory loop 


Krom all-seeing SARA 
that monitors entire 
plant operations t 
efficient units for de 
tecting hazardous gases 
in laboratory on 
plants, Taller & Cooper 
control equipment is 
designed to meet 
industry’s exacting 
needs specifically 
economically, auto 
matically. Here are 
four instruments that 
were developed b 
Taller & ( ooper 
which are easily 
incorporated in existing 


plants to perform 


various control and | 


supervisory functions. 


automatic supervision 


Es SARA—Sequential Automatic Re- 
corder and Annunciaior keeps an 
exact automatic log of as many as 500 
separate plant operations continuously, 
automatically—and warns of any 
abnormal conditions, 


BB Supersensitive Analyzer for labo- 
ratory or control loop detects 
hazardous gases as low as 5 parts per 
billion, In chemical control loop 
applications, it functions as analyzer, 


detector, monitor, 


3 Telemetering System for remote 
control of entire plant operation— 
supervises multiple functions with only 
two wires, Affords complete plant con- 
trol of 10, 16, 20, 32 or even 250 

plant operations with the push of a 


button or switch. 


MM autoLos automatically prints a 
permanent record of all plant 
operations. Compact (48’x24"x15”) 


* 
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\, TALLER & COOPER INC. 


* ENGINEERS * MANUFACTURERS 


AUTOLOG automatically supervises up 


to 50 trouble points, records occurrence 
of trouble conditions, as well as 


return-to-normal, 


Write today for Bulletins and 


Complete Details. 


ied 


75 FRONT ST., BROOKLYN, 1, N. Y. 


CONTROL 


ENGINEERING 





© CONTROL EQuIP- 
MENT & SYSTEMS 

® DIGITAL 
COMPUTERS 

® TOLL COLLECTION 
SYSTEMS 

© WIND TUNNEL 
INSTRUMENTATION 
® SPECIAL PURPOSE 
PRINTERS AND 
INSTRUMENTATION 
® CHEMICAL ANA 
LYZERS & CONTROL 
EQUIPMENT 


ENGINEERS: Work on 
this interesting 
equipment offers 
broad opportunities. 
Your inquiries 
invited. 





WHAT’S NEW 


MIT and ACF Industries, Inc., will 
build and operate an atomic research 
reactor on the Cambridge, Mas 

campus. Patterned after the one in 
operation since 1953 at the Argonne 
National Laboratory, Lemont, Il., the 
reactor will be used for medical ther 
ipy and atomic research development 
PA realignment in the Engineering 
Div. of Vickers, Inc., has resulted in 
ix new departments, one for research 
and development, one for administra 
tion, and four for the company’s prin 
cipal hydraulic product lin Lith 

of the four latter departments are 
Industrial, Automation, and Marine; 
Ground Mobile; Airborne Products— 
Detroit; and Airborne Products—F] 
Segundo, Calif. Vickers’ new Admin- 
istrative & Engineering Center opened 
in Detroit just as the realignment was 
completed 

> “It may not be generally recognized, 
but since the end of World War II 
tremendous strides have been made in 
engineering in the European coun 
tries, particularly in France.” With 
these words, Hector R. Skifter, presi 
dent of Airborne Instruments Labora- 
tory, Inc., announced an agreement 
under which his company will manu 
facture and market electronic prod 
ucts developed by The Compagnie 
Generale de Telegraphie Sans Fil of 
Paris Outgrowth of the agreement 1s 
1 new American company, Interconti- 
nental Electronics Corp., financed by 
stock subscribed by Airborne Instru- 
ments, Compagnie Generale, Ameri- 
can Research & Development Corp., 
ind J. P. Morgan & Co., Inc. Office: 
ire ~=Robert =F. Schulz president; 
Arnold Haase-Debosc, vice president, 
and William H. Dobbins, treasure 
and secretary 

> ‘Texas Instruments’ subsidiary, Hous- 
ton Technical Laboratories, has taken 
over production and marketing of 
'IC’s recording instruments. ‘Two 
ippointments accompany the transfer 
of operations from Dallas: Ralph T 
Dosher Jr. to assistant chief engineer 
in charge of recorde dc ve lopment and 
design, and Orm F. Henning to assist 
int sales manager in charge of indu 

trial instrument sales 

P Under a licensing agreement with 
Control Specialists, Inc., Kelsey-Hayes 
Wheel Co. will manufacture and sell 
automatic control systems and com 
ponents designed bi th Inglewood 
Calif., concern 

> Plants at Pasadena and Van Nu 

Calif., comprise the new Western Div. 
of Kearfott Co., Inc. The Pasadena 


plant, headquarters for the division, 





PEGASUS Servo Valves 
for industrial applications 


Pegasus offers industry a line of high performance 
electro-hydraulic servo valves designed specifically for 
industrial applications. They are compact, rugged and 
reliable, engineered throughout for heavy duty industrial 
service 
Shown 


featuring a balanced, flapper boost stage for maximum 


above is a typical servo valve schematic, 


reliability, frequency response, and pressure and tem 
perature stability. 

These valves are actuated by the Pegasus Model 109 
Force Motor. which is hermetically sealed, and transmits 
The force 


available for either vacuum tube or magnetic amplifier 


motion through balanced bellows motor 1s 
application 

Typical industrial applications are: 360 degree con- 
tour tracing machines torquing and load control fixtures, 
damper testers, chemical valve and variable delivery 
pump actuators, and wherever difficult problems exist in 


the control of position, velocity, and load. 
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SPECIFICATIONS 
MODEL 120 


200 to 3000 


10 psi) 


Operating Pressure 
Maximum Flow Rate 5 gpm 
Port Size %* 
Internal Leakage (1000 psi) .5 in sec 
Input Current 40 ma 
Time Constant 1 ms 


Dimensions 7 ar ae 


MODEL 140 


Operating Pressure 200 to 3000 
Maximum Flow Rate 00 psi) 10 gpm 
Port Size yy" 
Internal Leakage (1000 psi) .8 in sec 
Input Current 40 ma, 
Time Constant 1.75 ma, 


Dimensions 2° 2 2'Ar" « 6° 


MODEL 160 


200 to 1000 


Maximum Flow Rote (1000 psi 


Operating Pressure 
20 gpm 
Port Size %" 
internal Leakage (1000 psi) | in. 7 sec 
Input Current 40 ma. 
Time Constant 2.5 ms 


Dimensions et oe td 


®@ More detailed specifications 
on request 


\\ PEGASUS LABORATORIES, INC. 


DESIGNERS AND MANUFACTURERS OF’ ELECTRO - HYDRAULIC SERVOMECHANISMS 
3690 W. ELEVEN MILE ROAD ° BERKLEY, MICHIGAN 


1956 4] 


JULY 





Today’s Modern Industry 
Demands a Modern Thermometer 


ALMER 


RED-READING MERCURY THERMOMETERS 


Red-Reading 


Mercury 
< 





Extruded 
Brass Case 











Chrome 
Finish 





Ranges 
-40 to 950°F 
or 
Equivalent 
in °C 








a 
™~ 





Write for 
Complete 
Information 


Ask for 
Bulletin No. 35 


Consult your 
Classified Directory 


PALMER 


THERMOMETERS, INC. 


Mfrs, of Industrial Laboratory, 
Recording and Dial Thermometers 
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WHAT’S NEW 


manufactures gyroscopes and aircraft 
control components, while the one at 
Van Nuys specializes in electronic and 
microwave components and control 
systems. Manager John R. Harkness 
steered the Western Mfg. Div. for the 
past six years. 

> Magnetic Amplifiers, Inc., has 
opened a new West Coast Div. at E] 
Segundo, Calif. 


Companies A-Building 


P A $300,000 plant—the first designed 
expressly for the manufacture of mag 
netic recording tape for computer 
ind color television—for ORRadio 
Industries, Inc., of Opelika, Ala. All 
working areas of the 37,000-sq-ft fa 
cility will be dust-free, air-conditioned 
ind humidity-controlled. Scheduled 
for an October unveiling, the plant 
represents a 400-per-cent increase in 
ORRadio’s production room. 

> A million-dollar office building (mor 
than 91,000 sq ft) in Hatboro, Pa., 
for Fischer & Porter Co. One feature 
will be a split-level cafeteria connect- 
ing the new building with present 
manufacturing facilities. F&P main 
tenance people will do most of the 
construction work. 

P Office-warchouses in Detroit and 
Houston for The Powers Regulator 


FISSGHAZRAPORTZR SO. 


Co. The $180,000 structure in De 
troit (11,000 sq ft) will be occupied 
by D. T. Randall & Co., agents. ‘Th 
one in Houston, costing $30,000 and 
providing 2,000 sq ft, will replace 
Powers’ present quarters in that city 
PA nine-building Research & Devel- 
opment Center in Los Angeles for 
The Ramo-Wooldridge Corp. The 
first 104,000-sq-ft unit of the $1! 
million project will be ready in No 
I’o follow will be four other 
imilar-sized units, each two stori 

high, a six-story executiv 
istration building, manu 
facturing facility, and a parking lot for 


All is set for « 


vember. 


ind admin 


1 one-story 
3,550 cars. 
by mid-1958 
PA research, development, manufa 
turing, and testing plant for the Atla 
intercontinental ballistic missile ($40 
q ft) at Sorrento 


ompletion 


million, a million 
Calif., for Convair. ‘This is the sec 
ond Convair facility devoted to 
siles; the other, at Pomona, Calif 
duces the 


Ws 
pro 
lerriet urtace-to-all 
weapon About 6,600, under Chief 
Engineer Karel J. Bossart, are ex 
pected to be employed at Sorrento by 
1958. 

> Larger facilities in Florham, N. J., 
for Automatic Switch Co. 
tions at Orange, N. J., where availabl 
just half of what the 


Opera 


space 1S new 
































An office building in Hatboro for Fischer & Porter: 91,000 ft and a split-level cafeteria. 


le 


>> 
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Powers Regulator Co. builds a home for its agents in Detroit: 11,000 ft. for $180,000, 








ICKERS 


NEW RESEARCH and 
ENGINEERING CENTER 


Offers Diverse Engineering 


Opportunities in Commercial 


and Military Hydraulics 


Phenomenal and continuing expansion in the use of oil hydraulics by an ever-increasing 
number of industries brought the need for this new Vickers 150,000 square foot 
building (in suburban Detroit) devoted primarily to research and engineering. 


Here is an abundance of opportunity for engineers at all levels to grow in professional 
stature and income. The range of opportunity is as wide as industry itself, because 
Vickers is a major supplier of hydraulic components in all the fields illustrated below. 
The continuity and stability of opportunity are assured by the increasing growth rate 


of hydraulic applications . . 


Vickers is going places . 


Commercial Aircraft 


Automobiles 


Noval Vessels 





Textile Machinery Trucks (oll sizes) 





Vickers has excellent opportunities also in these Divisions: 


El Segundo Division Waterbury Division 
El Segundo, Calif Waterbury, Conn. 
Write or call Mr. J. 8. Rea, Write or call Mr —- Gillespie, 
ORegon 68-2503 Pleze 6- 1 


7484A 
Engineers and Builders of 


. both industrial and military. 


. « go places with Vickers. 


Plastic Molding Machines Metal Presses 


Typical applications of Vickers Hydraulics . . . components 
and complete systems with electronic or mechanical control 
.+.@re shown above. Vickers has been supplying these (and 
many more) for oa number of years is not @ newcomer in 
the fleld of hydraulics. Obviously, this extreme versatility 
offers challenging opportunities for engineers with a wide 
variety of talents and interests. For further information, get 
in touch with Mr, R. E. Barlow. Phone him at Liberty 9-1122 
or write him at; 


VICKERS INCORPORATED 
Division of Sperry Rand Corpor 


Administrative and Engineering Center . Detroit 32, Mich 


Oil Hydraulic Equipment Since 1921 
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POSITIVE LOCKING 


EFFORTLESS 
CONNECTION 


with U.S.C. 
double-lead 


SCREW LOCK 
CONNECTORS 


Dependable performance 
Insured polarization 
Vibra-shock resistance 
Minimum space and weight 
Positive locking action 
Disengagement ease 


SERIES MI-SL 
(miniature) 


7, 12 (8-4),14, 18, 20, 21, 
26, 34, 41, 50, 75 contacts 
male and female; with or 
without side or rear cable 
entrance hood; Alkyd or 
Melamine molding com- 
pound. Also available in 
hermetic seal (HMI-SL). 











U.S.C, double-lead Screw-lock versions 
also available in Series SMI-SL (sub- 
miniature), Series 980-SL & 990-SL 
(heavy-duty power). Also custom- 
designed to meet your miniaturization 
and performance requirements. Write 
TODAY for complete technical data. 


Pat. Pending 


U.S. COMPONENTS INC. 


associated with U.S. 

Tool & Mi. Co., Inc. 

454 East 148th Street, 
New York 55, N.Y. 
CYpress 2-6525 
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WHAT’S NEW 


| eh tee ee 
ale Tat 


. 
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plant promises to provide, will be 
moved to Florham Park by the end of 
the year 

P On May 11 the venerable 
phia instrument maker, Leeds & 
Northrup Co., officially moved its 
complete industrial recording and con 
trolling equipment line into a spank 
ing new plant in suburban North 
Wales, Pa. The new facility is said 
to be one of the largest solely devoted 
to industrial instruments: it is located 
on a 129-acre tract, includes six acres 
of manufacturing floor space, and will 
house 1,300 people. L&N spent $4 
million for the land and_ building 
alone, another $7 million for machin 
ery and inventory. The company will 
continue its headquarters near the 
Wayne Junction station in Philadel 
phia, and will continue to make fur 
| naces and laboratory equipment at the 
| old location. However, many of the 
| engineering people concerned with 
automatic control already have moved 
out to the country plant. The visiting 
control engineer should familiarize 
| himself with the schedule of the local 
| Reading Railroad trunk line, which 
will rattle him out to North Wales 
from Philadelphia in 40 minutes. 


Philadel. 





Leeds & Northrup expands: all recording and controlling moves to North Wales, Pa. 


P Expansion in three states by 
Inc. The $3.6 million program in 
volves a two-story wing addition to 
the Aircraft Engineering Div.’s han 
gar in Santa Monica, Calif., a 14,000 
sq-ft addition to the Lear-Romec Div. 
in Elyria, Ohio, and a 170,000-sq-ft 
manufacturing plant for the Grand 
Rapids (Mich.) Div. 
P A research and development center 
in Hawthorne, Calif., for The National 
Cash Register Co.’s Electronics Div. 
Activity in the 52,000 sq ft of space 
will be devoted entirely to 
electronic computers and auxiliary 
equipment for business systems. A 
major feature of the computers will be 
their ability to adapt to cash registers, 
idding machines, and a 
chines. 
PA new transistor plant in Boston 
for Minneapolis-Honeywell Regulator 
Co. Though it is certain that the 
company’s expanding Transistor Div. 
will be relocated in this city, 
cific site has been chosen. Research 
work in transistors will continue at 
the Honeywell research center in Min 
neapolis, 

Also for Honeywell 
plant, in Amiens, 


Lear, 


idvanced 


counting ma 


no spc 


i fifth overseas 
I rance to pro 





CONTROLLED-VOLUME PUMPING with 


The Pulsafeeder, in combining the good features of both piston and diaphragm 
pumps, provides an unusually dependable means of precision pumping. There is no 
stuffing box, hence the usual problems of maintenance and repacking associated 
with plunger-type metering pumps do not exist. The product being pumped is 
isolated from the pump’s working parts by a hydraulically balanced diaphragm and 
is kept safe from contamination and leakage to atmosphere 
Positive displacement is achieved by a piston reciprocating 
within an accurately sized cylinder at an established stroke 
length, displacing an exact volume of hydraulic oil. By means 
of this oil, the piston moves the diaphragm alternately 
backward and forward. The displacement of this diaphragm 
travel takes in the liquid on the suction stroke of the piston 
and discharges a like amount of liquid on the discharge 


SUCTION STROKE stroke of the piston. 
WRITE FOR BULLETIN 440 with typical applications, flow charts, 
description and specifications of models of various capacities and 
constructions. Inquiry Data Sheet included from which we can 


make specific engineering recommendation for your processing 


requirement. Write Lapp Insulator Co., Inc., Process 
Equipment Division, 701 Wilson Street, Le Roy, N.Y 


DISCHARGE STROKE 


Sdpp 
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600 to ONE CUSTOMER 
PROVES SATISFACTION... 


THAT’S THE STORY BEHIND THESE 
CONOFLOW Series LB CONTROL VALVES 


Photo shows an original installation of Conoflow Series LB Control Valves that 
has been on a temperature control application for several years. There are 
now over 300 of these valves in operation at this large manufacturing plant. By 
the end of the year there will be approximately 600 LB valves throughout the 
plant. Out of respect for our customer's company policy we cannot publish the 
name. However, the volume of valves involved proves that Conoflow Series LB 
Control Valves are eminently satisfactory to this prominent user. 


The tandem operation shown is a typical application—cooling and heating — 
utilizing split ranges. One valve handles cold water with a 3-9 psi range. The 
other handles steam with a 9-15 psi range. 


The revolutionary Cylinder Conomotor provides greater speed of response, 
tight shut-off and other performance characteristics superior to conventional 
valves. Downtime is practically nil compared with other valves. 


Catalog LB-1 tells the complete 

story of the benefits in Conoflow 

Series LB Control Valves. Write for your 
copy. Conoflow representatives 

are located in most principal cities. 


y 
C OnOF ainirol’s 


FOREMOST 


NW FINAL ¢ NIROL ELEMENT 


CC-602 


CONOFLOW CORPORATION 


SUBSIDIARY OF WALWORTH COMPANY 
2100 ARCH STREET @ PHILADELPHIA 3, PA. 
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WHAT‘’S NEW 


lrance’s 
first for- 
Amiens, 
from Paris 

76.000 q 


duce oil burner controls for 
domestic market. M-H is the 
eign company to open in 
about an hour's drive 
P A factory-office building 
ft) im Gardena, Calif., for Sprague 
Engineering Corp. Operation 
leased building 


new 


now 
carried on in five will 
be centered in the 
fall 

PA rocket and missile plant and test 
center for Thiokol Chemical Corp. 
Utah. Between 400 and 
of the Trenton, N & 
company will be assigned to the 
10,000-acre site 

P An open-plan laboratory-type plant 
in Concord, Calif., for Donner Scien- 
tific Co. Donner, the first to r 
in Concord’s new 


tructure next 


near Corinne, 
500 employee 


ysCTVE 
spact 


park”, 


instrument 
inticipates 
roll there by 1957. 
>» New administrative and production 
buildings for Richardson Scale Co., 
giving about 15,800 more sq ft of 
space to the Clifton, N. J 

P Other building activity: A 
sq-ft addition to Automatic Control 
Co.’s facilities in St. Paul, Minn; a 
new plant (8,500 sq ft) for American 
Research Corp. in Farmington, Conn 
and consolidation at Waltham, Mas 

of the Alexandria, Va ind Cam 
bridge, Mass., facilities of Feedback 
Controls, Inc. 

Several companies have been formed 
in recent weeks to manufacture con 
trol equipment or to service the field 
Among them 
> Brimberg Associates of 
ton, D. C., engineering 
representative and consultant 
rent clients Polarad Electronics 
Corp. and Sierra Electronic Corp. 
President is Murray Brimberg, for 
merly with the Civil Acronautics Ad 
ministration and Burlingame Associ- 
ates. 
> Computing Consultants, Inc., of 
Atlanta, Ga., computer and data-proc 
essor consultant, A. B. Simms is presi 
dent and management consultant 


a 500 person pa' 


ompan\ 
23.000 


Washing 
ind ales 
Cur 


Products 
(control system components) by Beck- 
man Instruments, Inc., and Airtronic 
Research, Inc. (electronic devices and 
components) by Harris-Seybold Co., 
Cleveland printing equipment manu 
facturer. 

> And a merger: Topp Industries, Inc. 
(electronics manufacturer) and Haller, 
Raymond and Brown, Inc., (elec- 
tronics research). 


P Two acquisitions: Lou-Bar 





* 
CUCPLILOLUU SOLVES ANOTHER 
POSITIONING PROBLEM! 


PROBLEM: SHORT ACTUATOR SPACE 


SOLUTION: THIS NEWLY DEVELOPED 


me > 2 / MMU 7/7 


MULTI-EXTENDING b/b SCREW EXTENDS 


SAGINAW SEVERAL TIMES ITS RETRACTED LENGTH 





TUCERUCOPLAL EE | TO 





“" RETRACTED 


HALF EXTENDED A 


FULLY EBATENDED 


Now, the pioneer in the development of the PLUS ALL THESE PROVED 
precision ball/bearing screw and spline offers SAGINAW ADVANTAGES 


you another great engineering advancement: * ees Be et 
ve Ae 4 A 
a practical and dependable solution for your most  eL Pon gh ht Cy q LN, 
difficuit actuator space problems! pA 
~~ 8 HI) 


The Saginaw Multi-Extending b/b Screw is the 
answer design engineers have been seeking for Requires up tof lorque 
years because: than Acme 


Jo effrcrenme nteed 


1 It provides extended lengths in approximate : Less drain on | ‘pply 


multiples of its retracted length Conserves space l weight 


2 It will carry a far higher load than any other Operates dep 
telescoping device in its class treme temperat 


3 It is far more practical and troublefree than f mt eon tk 
4 ® . ‘ onty tritia at 

previously available telescoping units ert 
4 \t assures dependable, precise positioning Cae MAIL COUPON TODAY FOR NEW 
within thousandths of an inch SARTRE UPA enGincERING DATA 00 
ry —<_- 


; So “ , J © 
Can be built in a wide range of diame- Ball Bearing Screw & Spline Operation “~~ 


pene tors Corp on 
ters and extended and retracted lengths dept. 5V now, Michigor 


Qaa inaw%.... crew | 


SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS « Saginaw, Michigan 


bb Screw and b/b Spline Eng 


“| 
| 
| 
| 
| 
| 
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Hold and position 
work... with air Here, 


Schrader Air Products are 
used to hold burner grills 
and bend them into shape 
with a ton of force. Before 
cir was adapted to the 
job, only 150 pieces were 
produced per hour. Now, 
with air, 620 pieces are 
produced inthe same time. 


2 


Move work...with air 


In this particular adapta- 
tion, plated parts are avu- 
tomatically washed three 
times, Air products lift the 
baskets, immerse them, 
lift again, and transfer 
them to the next bath. 
Operator simply presses 
button to start the se- 
quence of interlocked cyl- 
inders and controls, all 
developed by Schrader. 
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Synchronize motions 
automatically... with air 


Only 40 seconds are needed to 

assemble the bushings and pins into 

the trigger mechanism of this air rifle. 
No vise is needed to hold the stock. 

No hammer to inject parts. Air does it all, 
by means of a Schrader 3320H type 
4-way Valve. 


No matter what you produce in volume, you can 
benefit from automation. And air can help you 
automate ... economically, safely, simply. 

Few plants exist which do not already benefit 
from the speed and economy of air for all types of 
simple operations—from inspecting and assembling 
to testing and packaging. But just imagine how this 
speed and economy multiplies its benefits when air 
is applied to the more complex operations required 
by automation! 

It will pay you to call on Schrader as the one 


Schrader 





source for all your air control needs. Behind these 
Schrader industrial products is over a century of 
leadership and experience in the effective use of 
air in industry. Schrader engineers are ready to 
help you utilize the latest and best Schrader air 
equipment for your automation and control 
programs. 

Outline your problem to us... we'll be glad to 
help you. Or, send for the latest informative book- 
lets which show Schrader Air Products that will 
help you. 


A. SCHRADER’S SON 
Division of Scovill Manufacturing Company, Incorporated 
470 Vanderbilt Avenue, Brooklyn 38, N. Y. 


FIRST NAME IN THE USE OF AIR 





ESTABLISHED IN 1644 











FOR INDUSTRIAL PRODUCTION AND CONTROL 
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what is 
Srey 
matter 
worth? 


For the engineer or scientist who 
has enough to make him different, 
grey matter is worth a rewarding 
life of creative achievement in 

a working climate where ideas are 
King...and the benefits measure 
up to the man and his mind. 


For 56 years Firestone has grown 

on grey matter —in Research, 
Development and Production. Now, 
simply, we need additional grey matter 
for such Firestone ‘“‘firsts” as the 
“Corporal” surface-to-surface ballistic 
missile. Here are just a few of the 
Engineering activities in which 
Firestone needs more grey matter: 


Electronics Systems 
Mechanical Systems 
Propulsion Components 
Flight Simulation 


Mechanical Structures 
and Dynamics 


Stress Analysis 
Metallurgical Lab 


If you’re the man with extra grey 
matter who wants the chance to really 
use it, write us today.We'll put you 
in touch with a Firestone man who 
has your kind of grey matter, too. 


Firedtone 


GUIDED MISSILE DIVISION 


RESEARCH * DEVELOPMENT * MANUFACTURE 


“Find your Future at Firestone’’— Los Angeles * Monterey 


WRITE: SCIENTIFIC STAFF DIRECTOR. LOS ANGELES 54. CALIF 
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A MESSAGE TO AMERICAN 


INDUSTRY * SECOND OF 


A SPECIAL SERIES 


THE SHORTAGE OF SCIENTISTS AND ENGINEERS: 


Are We Losing 
the Race with Russia? 


THERE is new confidence in the Kremlin. One 
key reason is expressed in a recent boast of 
Communist Party Secretary Khrushchev: **The 
capitalists always regard our people as 
being backward, but today we have more 
engineers and more supporting engineer- 
ing technical personnel than any capital- 
ist country.” He promised that this lead 
would be widened and that communism would 
be victorious without war. 

This boast cannot be dismissed as communist 
propaganda. Admiral Lewis |. Strauss, chair- 
man of the U. S. 
has warned: “In five years our lead in the 
training of scientists and engineers may be 
wiped out, and in ten years we could be 
hopelessly outstripped. Unless immediate 
steps are taken to correct it, a situation, 


Atomic Energy Commission, 





Engineering Graduates in the United States and Russia 
1946-1 
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already dangerous, within less than a dee- 
ade could become disastrous.” 

This second editorial in a series on the short- 
age ol scientists and engineers is designed to 
explore as carefully as possible the facts and 
the implications of the new emphasis on techni- 
cal training in the Soviet Union. It draws 
heavily from the authoritative book Soviet Pro- 
fessional Vanpower, prepared for the National 
Academy of Sciences and the National Research 
Council by Nicholas DeWitt of the Russian Re- 
search Center of Harvard and released recently 
by the National Science Foundation. 


Trend Is Against Us 


If the Soviet Union already has a lead in 
technical manpower, it is 
the United States and Rus 


a million scientists and engineers 


not very great. Both 
ia now have around 
About a third 
of the Russian engineers were trained on in- 
ferior pre-1935 standards. Its the trend — 
shown in the chart — that is alarming. 

Over the last five years we have turned out 
only 142,000 engineers, compared to an esti- 
mated 216,000 in Russia. In 1955 our output 
was around 23,000 compared to their 63,000, 
Over the next five vears ou: projec ted output 18 
153,000, against at least 400,000 in Russia. 
There will be an additional 150.000 or more 
in the satellites and Red China 

In Russia, 30% of the college students are in 
Another 


in natural sciences, 


engineering, compared to 8' here. 
30% or more take degree 


Moreover, unlike ourselves, the Russians are 
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ploughing back a large proportion of their 
science graduates into teaching, which implies a 
rapid buildup in the future. 


Quality As Well As Quantity 


It would be foolhardy to assume that these 
new Russian graduates are inferior to ours in 
the quality of their technical training. They 
start out with much more intensive mathemati- 
cal and scientific preparation at the high school 
level. They study harder and longer in college, 
with more laboratory work and more practical] 
training. Their courses and textbooks seem to be 
as thorough as ours. Even though the Russian 
graduates may be overspecialized, they get 
results, 

These results have been striking. The Rus- 
sians developed both A-bombs and H-bombs 
faster than we expected, and it’s not certain 
that they had to rely much on espionage. They 
pushed ahead of us for a while in jet fighter 
design, and they showed up with a fleet of long- 
range bombers well ahead of schedule. They 
are crowding us on nuclear power, electronics 
and automation. There are grave fears that they 
have established a lead in the vital field of mili- 
tary rockets. 

The goa) of Soviet scientific manpower policy 
includes not only weapon supremacy but also 
leadership of the neutral and uncommitted 
areas of Asia, Africa and the Middle East. The 
Soviet leaders may be bluffing in their offers to 
export capital, but they are preparing to export 
Russian scientific and technical know-how in a 
big way. 


How They Do It 


The Russians are determined to win the race 
for scientific supremacy, and they do not count 
the cost. They pay their scientists and engi- 
neers salaries that seem fantastic when 
compared with other Soviet incomes. 

Senior professors, research scientists and top 
engineers are a major segment of the Russian 
elite. Their incomes are frequently six to ten 
times the average industrial wage. (In the U.S. 
six to ten times the average industrial wage 
would be $25,000 to $40,000 a year.) Housing 
and other privileges are correspondingly lavish. 
While preaching equality, the Soviets use capi- 
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talistic incentives far more boldly than we do. 
Indeed, practicing engineers and scientists have 
been complaining about the exalted status of 
professors and top research people, and salary 
scales are now being adjusted to give greater 
emphasis to practical results. 

The Russians are also generous in their 
aids to education. Tuition has just been made 
free at all levels. Undergraduates receive 200 to 
500 rubles a month and graduate students 800 
rubles (about equal to an industrial wage) to 
cover living expenses. The biggest stipends go 
to science and engineering students. College 
students are deferred from military service, and 
engineers and scientists often enjoy continued 
deferment even after graduation. 

Finally, the Soviet leaders can channel 
engineers and scientists — and all other 
human and material resources — into any 
area they choose. And the areas the Soviet 
leaders choose are predominantly those that con- 
tribute to military or political objectives, rather 
than to a better life for consumers. 


What’s Our Answer? 


We are certainly not going to adopt 
Soviet methods. We do not want scientific 
robots, but free men, able to understand 
and add to our democratic heritage. At 
the same time, our world leadership in 
technology — and perhaps even our sur- 
vival as a nation — will be threatened if we 
allow ourselves to lag far behind Russia 
in the training of scientists and engineers. 
Ways to keep the United States in the race will 
he discussed in a later editorial in this series. 





This is one oj a series of editorials prepared by 
the McGraw-Hill Department of Economics to 
help increase public knowledge and under 
standing of important nationwide develop- 
ments of particular concern to the business 
and professional community served by our 
industrial and technical publications. 

Permission is freely extended to newspapers, 
groups or individuals to quote or reprint all or 
parts of the text. 


PRESIDEN1 
McGRAW-HILL PUBLISHING COMPANY, INC. 














Traditional Taylor accuracy in a low cost instrument 


THE NEW BI-THERM 9” DIAL 


So easy to read 
it invites frequent reading ! 


A SIMPLE, dependable and economical ther- 
mometer with many applications throughout in- 
dustry. Wide variety of ranges from minus 40° 
to +750°F. Also available with three inch dial; 
stem lengths of 4, 6,9, and 12 inches; separable 
wells of brass, steel, type 304 stainless steel or 
monel. 

EASY TO READ: The large dials are highly read- 
able because of black figures and graduations 
on an aluminum background. 

RUGGED: All exposed metal parts are of arc 
welded, corrosion-resistant stainless steel. All 
instruments are waterproof. All mechanical con- 
nections are welded for greater reliability. 
ACCURATE: These instruments are accurate within 
+1% of range, over the entire range. Simple 
zero-setting features correct minor errors in 
readings which might result from severe me- 
chanical shock. No ambient temperature effect. 


Overrange protection 50% up to 500°F.; 10% 
above 500°F. 

VIBRATION DAMPED: All instruments, except the 
200° to 750°F, range, are silicone damped 
against vibrations. Result is increased speed of 
response, minimum pointer vibration, and elim- 
ination of pointer chatter when the thermom- 
eter is handled. 

ECONOMICAL: Costs only $16 io $26, depending 
on dial size and length of stem. Ask your Taylor 
Field Engineer, or write for Bulletin 98267. Taylor 
Instrument Companies, Rochester, N. Y., or 
Toronto, Canada. 


ya 


*Trade Mark 





Taylor Instruments 


———— MIA —— 


ACCURACY FIRST 
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IN THE ENGINEERING PROBLEM 


Of infinite help in easing the engineering load is Electronic Associates’ PACE 
Computing Equipment. Each day, more and more major industries are relying 
on EAI Computing Systems for help in their engineering and development work, 
for they know they can trust its stability, reliability and operating convenience 


An example of this operating convenience is the push-button operation of the 
new Six-Channel Recorder, Model 1902A (pictured in the foreground of the 
computing system above). Push-button controls are provided in this recorder for 
individual selection of the recording scale factor of each channel —as well as a 
push-button speed selector which provides essentially instantaneous control of 
poper speed over the entire recording range. This Six-Channel Recorder pro- 
vides the ultimate in recording accuracy, sensitivity, chart speed, widest band 
width, all at the lowest cost 


For detailed information on this equipment —on complete Computing Systems — 
and on the rental of time and equipment at the EAi Computation Center in 
Princeton, N. J., write Dept. CE-7, Electronic Associates, Inc., Long Branch, N. J 








ELECTRONI< 


associates || EAI SETS THE |_P A;|C/;E 








RECISION ANALOG OMPUTINGEEOUIPMEN 








LONG BRANCH, NEW JERSEY 


60 CONTROL ENGINEERING 





INDUSTRY’S PULSE 


Instrument Sales Treble 
in Seven Etfusive Years 


Few people besides H. C. Dickinson (see page 17, What's 
New) were able to predict the explosive growth of the measur 
ing instruments industry during the years between 1947 and 
1954. And now that the Census figures are in, there are many 
who still can’t believe its tabulations 
But the cold facts on the value of instruments sold, carefull Facts to silence 
harvested by Census researchers and sifted by UNIVAC, arc challengers 
hard to challenge. ‘Take the most modest growth—a mere doub 
ling—which took place in that branch of the industry which the 
Census of Manutacturers’ Standard Industrial Classificafi®m « 
(SIC) labels “Electrical Measuring’. Below are the figures for 
its three main sub-groups 


Sales in 
Classification Lhousands of Dollar 
1947 1954 
Klectrical Integrating Instrument 
(chiefly watthour & demand meters 
Electrical Indicators & Recorder 
(panel, switchboard, ammeters, ct 
3—Electrical ‘Testing Equipment 
(oscillographs, engine test, ct 


LOTALS 


.xcept for a few maveric ks, most instruments in the “Electrical Control technology 
category showed a steady gain in this period: the mavericks injects “adrenalin” 
—high-frequency scopes and recording units—increased cight 

times and four times, respectively ‘The reason seems clear 

Electrical quantity measuring is func MES 

tionally one of the oldest and most =| 

established branches of industrial in 

strumentation—its demand is hitched 

to the steady growth of power appli 

cation. Nevertheless, the adrenalin of 

control technology was quite obvious 

in the more spectacular gains in equip 

ment suited to controls systems test 

work. Confusing the neat picture, 

however, was the spectacular emer 

gence of one semi-consumer item: th 

radio-tube tester. 
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There’s no profit in 
a pilot plant 


Just change the pins for 
new process conditions. 


The Beckman Data System 
provides the link between 
plant instrumentation and 
tabulated data for use by 
your engineering and 
computer center. 


Beckman “Pinboard”’ Data System Speeds 
Pilot Runs~Gets You On-Stream Faster! 


A pilot plant isn’t operated to make money; its purpose is to 
speed process development and plant design. With more of the 
right kind of information from a pilot plant, trial runs are 
completed faster, and the full-scale process is profitably on 
stream sooner. 
The Beckman ‘“111’”’ Data System shortens pilot plant time 
because: 
© exclusive pinboard programmer obsoletes all calibration 
and “knob-twiddling”’. 
© all operations are digitally controlled. 
@ system is set-up with pinboard in a matter of seconds, 
eliminating time-consuming changes formerly required 
to meet new process conditions. 
© results are presented in true physical units, such as pounds 
per square inch or degrees Fahrenheit, to a wide 
variety of read-out equipment. 
To learn why leading companies are choosing the Beckman 
“111”, write Beckman Instruments, Inc., Data and Control Sys- 
tems Department, Fullerton, California. Ask for Data File |)-1-46 


Beckman:/"/11” Data System 


Our continued growth creates openings for additional creative engineers. Write for Career File #10 
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The physical growth of the “Electrical Instruments” industry 


paralleled its sales: the number of plants grew from 154 in "47 
to 302 in 54; employment was up 50% from 21,000 to 33,000; 
value added by manufacture rose 35%, from $104 to $248 mil 
lion. Census found that most of this industry—about two-thirds 


of its employees—was still concentrated in the Northeast. But 
California is on the rise: a tenfold gain in plants, with employee 
growth from only 263 in ’47 to 3,000 in "54 

Census figures for what SIC calls the “Scientific Instruments 
Industry” also show spectacular growth: total shipments in 
creased 379% over 1947. However, as analysis of the table 
below will indicate, this surge is hardly indicative of progress in 
what a control engineer normally considers “scientific” instru 
mentation 

Sales in 


Thousands of Dollars 


1947 1954 


Classification 


Aircraft Flight Instruments 
and Automatic Pilots 

2—Other Aircraft, Nautical, and 
Navigational Instruments 
Surveying & Drafting Instruments 
Other Scientific Instruments & Lab 
Apparatus (excluding optical, ele 
quantity meas., & indus. process) 


TOTALS — 107,445 620,424 


20,478 378,897 


136,935 
19,658 17,998 


67,309 86,594 


*This figure includes data for “other aircraft, nautical, and navi- 
gational instruments’—a separate category in the 1954 figures. 


It is obvious that most of the growth in “scientific instru 
ments” came from the meteoric, Korea-spurred emergence of 
automatic pilots—hardware that mainly reflects growth in com 
puter-, servo-, and control-loop component manufacturing. In 
the conventional measuring tools for the scientist, growth was 
healthy, but far from trend-setting. However, the SIC break 
down here fails to include one product group that functionally 
—and commercially—bolsters the category: optical instrumen 
tation. Now listed with the “Optical Instruments and Lenses 
Industry”, the product measurers accounted for a $20-million 
market in 1954. And with the trend 
to inplant use, the future prospect 
for spectrometers, colorimeters, re- 
fractometers, etc., seems loaded with 
growth. Going back to the table 
above, the $620-million total figure 
for this industry is deceptive since, 
by Census admission, only 64% was 
shipped by plants in the SIC group 
—the rest being shipped by plants 
otherwise classified. This indicates 
the great amount of reselling done 
before an instrument reaches a user 
Physical growth in the “Scientific 


A giant pea 
in the pod 


Analyzers 
“tucked away” 





CBS 


POWER TRANSISTORS 


Whether your requirements are for a dozen 
or a million... for standard or special 

types .. . CBS is prepared to supply you with 
power transistors. And in a variety of metal 
cases designed to solve problems of mounting 
and heat dissipation. 


The many advanced-engineering features of 
the CBS 2N156 (12-volt) and CBS 2N158 
(28-volt) are ideally suited to high-power 
audio amplifiers, servo amplifiers, power 
converters, and low-speed switches. 

The CBS type 2N155 is especially 

designed for optimum performance in 
single-ended audio output stages of 
automobile radios. 


Note the many features of these PNP junction 
transistors, Write for free bulletin E-259 
giving complete data. Let us help you also 
with your circuit designs for these versatile 
and dependable CBS power transistors 


FEATURES OF CBS PNP 
JUNCTION POWER TRANSISTORS 

. High current gain at high current 
2. High power-handling capabilities 
3. High peak-back voltages 

. Stable, uniform characteristics 

(special selection unnecessary 

. Low input impedance 

. Low saturation voltage 

. Low saturation current 


8. Choice of hermetically sealed designs 


Reliable products 


through Advanced-Engineering 


semiconductors 


CBS-HYTRON 


Semiconductor Operations, Lowell, Mass 
A DIVISION OF COLUMBIA BGROADCASTING SYSTEM, INC 
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INDUSTRY'S PULSE 


Instruments Industry” was steady: there were 215 plants in ‘47 
367 In 54. emplovees rose trom 1S to 43 thousand \ alue adde d 
by manufacture zoomed from $75 to $34 million. The growth 
did not seem to favor any one area of the country 

\s far as the whole control market is concerned, SIC’s most 
definitive grouping is in what it calls the “Mechanical Measut 
ing Instrument Industry’. Census figures in this area suggest 


what might be considered a “mean” or normal growth for the 


held 


Sales in 
Classification lhousands of Dollars 
1947 1954 

Aircraft Engine Instruments 4,992 80,257 
Integrating Meters (nonelectric) 63,262 106,174 
Industrial Process Instruments 
(incl. ind., record., & control 168,369 271,518 
Motor Vehicle Instruments 39,495 76,401 
Commercial Control Devices 
for air-conditioning, refrigeration, 
heating, etc.) 100,640 
Unspecified Mechanical Instruments 45,519 


4 
: 
2 


POTALS 125,27 $45, 3 


Once again, the greatest growth is identified with the aircraft 
industry. However, an unexpected near-doubling also took 
place in the more conservative industrial process control field 
as indicated by sales of integrating meters and process instru 
ments. ‘The trend to continuous flow control in the latter group 
was obvious in gains in fluid and liquid level instrumentation 
from $19 million in ’47 to $40 million in '54. Another interest 
ing increase was in equipment designed for human environmental 
control—what the table dubs “commercial control devices 
While these products are traditionally nonindustrial in function 
the growing sophistication of the systems they are being used 
in causes them to veer strongly toward the “process instruments’ 
category—and thus quite often compete with process instru 
ments in environment control sys 
tems. Physical growth of the “Me 
chanical Instruments Industry” was 
modest: while total sales went up 
87% employment rose only 13% 
and the number of plants increased 


“Mechanical” 
ranges afar 


Sophisticated 
control devices 





from 466 to 609. Value added, how- 
ever, surged from $281 to $534 mil 
lion. Although the New York area 
still leads in the number of plants 
(127), its growth has been neg 
ligible; California’s, on the other 
hand, has doubled in this category 
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chemically 


the great new flat multiple-tube 
instrument line harness 


Dekoron “M”’ Ribbon 
or “P” Ribbon makes 
instrument tubing costs 
plummet. That's 
“Mi” RIBBON because the chemical! 
resistance of the 
“Pp” R q B | = } oO N plastic sheath even 
outlasts expensive alloy 
tubing . . . because 
you get all the 
advantages of bundle 
installation in a flat, 
easy-to-handle “ribbon” 
. . » because the 
perforated plastic 
“webs” between 
individual tubes enable 
tubes to be stripped 
back singly or in 
groups without tools 
and without destroying 
~ . protective coating. 
Dekoron ‘‘M” So tube up with 
Ribbon ‘ste of “ Dekoron ‘““M”’ Ribbon 
10 individual pe - or Dekoron “P” Ribbon 
PI : — it’s a “pipe’’ to install. 
aluminum tubes with vinyl arm 
plastic coating; Dekoron ‘‘P”’ 
Ribbon is 10 polyethylene —_ 
QUALITY «+ RESEARCH « SERVICE 


DEKORON PRODUCTS DIVISION 
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Needed: A New 
Industry Breakdown 


Spring 1956 was the time of the Manufacturers’ Census — and a time for a 
long, hard look at the growth of the control field market. ‘The statistics we 
received from the Census Bureau in Washington were imposing and charged 
with signs of the vigor of our technology. See Pulse, page 61, for the tallies and 
What's New, page 16, for the story of how the data were processed, 

But when you take that long, hard look do you get a realistic picture of 
what has happened commercially to our field? 

Looking for facts on progress in analytical instrumentation, what do you 
find? Half the product-quality measurers are tucked away with aircraft and 
surveying instruments. And the all-important optical subsystems are grouped 
with cameras, field glasses, and microscopes. Seck data on the volume of servo 
type equipment and where must you turn? An undefined bulk is lost amid 
“Scientific Instruments” in figures on autopilot systems, and the rest is scat 
tered through several industry groups. Probe for program controllers and you 
finally unearth them in a pile of wrist watches and alarm clocks. And in a 
Census category labeled ‘Mechanical Instruments” you find electronic process 
recorder-controllers — perhaps this one is not too wide of the mark 

The Census Bureau is really not to blame for the confusion. Its basis for 
grouping data, the Standard Industrial Classification (SIC), was developed 
in 1942 by careful study (and has served broad industry quite well since then 
But meanwhile things have happened: in our case, a whole field took shape 
SIC was not geared to correctly weight this field in 1947, nor in 1954. But it 
remained for the '54 data to dramatize the mismatch 

Recognition, definition, and proper classification of the control field are 
badly needed. At least one government agency, Nathan Golden’s division in 
the Dept. of Commerce (CtE, June, p. 16) is aware of and is doing something 
ibout the need, Next month we will publish a new functional classification 
suggested by Golden's deputy from SAMA. Examine it carefully. Your critical 
feedback, or suggestion of a totally new approach, can spark the start. With 
your help there will be a new breakdown of the field — from the field — in 
time to assure more useful data from the Census scheduled for 1955 


THE EDITORS 
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BRIEF SPECIFICATIONS 
«-hp- 139A 


Sweep Range: | fsec/cm to 15 sec/cm 

Calibration: 21 sweeps; 1-2-5-10 sequence, 1 
Msec/cm to 5 sec/cem. 5% accuracy 

Triggering: Internal, line voltage or external 2 
v or more, Pos, or neg. slope, +30 to —30 v 
trigger range 

Preset Trigger: Optimum setting for automatic 
stable triggering 

input Amplifiers: (Similar Vert. and Horiz 
Amps) Sensitivity 1 mv/cm to 50 v/cm; 14 
ranges, continuous vernier. Pass band dc to 
400 KC 

Amplitude Calibration: 1 KC square wave. 5% 
accuracy 

Price: $450.00 

-hp- 150A 

Sweep Range: ().02 “sec/cm to 15 sec/cm 

Calibration: 24 sweeps: 1-2-5-10 sequence, 0.1 
Msec/cm to 5 sec/com. 3% accuracy 

Triggering: Internal, line voltage or external 
0.5 v or more, Pos, or neg. slope, + 30 to 40 
v trigger range 

Preset Trigger: Same as -/p- 130A 

Horizontal Amplifier: Magnification 5, 10, 50, 
100 times, Vernier selects any 10 cm part of 
sweep. Pass band dc to over 500 KC. Sensitiv- 
ity 200 mv/cm to 25 v/cm 

Vertical Amplifier: Pass band dc to 10 MC. Op.- 
timum transient response and rise time less 
than 0.035 msec. Signal delay of 0.25 psec 
permits leading edge of triggering signal to 
be viewed 

Amplitude Calibration: 18 calib. voltages, 2-5- 
10 sequence, 0.2 mv to 100 v peak-to-peak 
Accuracy 3%. Approx. 1 KC square wave, 
rise and decay approx. 1.0 psec 

Prices: -/p- 150A High Frequency Oscilloscope, 
$1,000.00 
Ap- 151A High Gain Amplifier, $100.00 
-hp- 152A Dual Channel Amplifier, $200.00. 

Data subject to change without notice. 
Prices } o.b, fac tory 





-hp- 130A Low Frequency Oscilloscope 


High sensitivity, dc to 300 KC. Sweeps 1 »sec/cm to 
15 sec/cm. 


-hp- 150A High Frequency Oscilloscope 
Dc to 10 MC. Plug-in preamplifiers. Sweeps 0.02 
psec/cm to 15 sec/cm. 


As a result of a totally new design philosophy, -/p- 130A 
and 150A Oscilloscopes set revolutionary standards for 
oscilloscope usefulness, convenience and rugged dependability. 
The instruments’ wide versatility is indicated in the 
specifications at left. Their greater convenience and 
reliability is inherent in such unique features as: 

Universal automatic triggering system wherein one preset 
adjustment provides optimum triggering for almost 

all conditions. Unitized circuits, easily isolated for testing 
Etched circuits, mounted on translucent plastic for 
“see-through” serviceability. Complete accessibility of all 
circuits and tubes. Highest quality components. 
Ultra-conservative design, with circuits operating well below 
ratings. Concentric, color-coded controls, grouped by 
function and simplified. Direct sweep time selection—no 
mental gymnastics. A new low capacitance clip-on 

probe (for -bp- 150A) has 10 megohm impedance. 


Get complete data on the most important 
oscilioscope improvements in history! Call your 
-hp- representative now, or write direct! 


HEWLETT-PACKARD COMPANY 
3696H Page Mill Road + Palo Alto, California, U.S.A. 
Cable “HEWPACK" + DAvenport 5-4451 
Field engineers in all principal areas 


Now, more than ever, -hp- means “Complete Coverage” 
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Six Industrial Users 


Size Up Automatic Data Logging 


CONTROL ENGINEERING STAFF REPORT 


Automatic logsheet printing systems are relatively new to industry. Their 
justification is the subject of much current debate and study. The control 
engineer stands in the midst of the controversy, seeking hard facts that will 
enable him to make recommendations covering whether, when, and how 
to install automatic loggers in new and existing plants. Recently six potential 
and actual users of automatic loggers reported on their studies and practices 
at a symposium of the New Jersey Section of ISA. Papers and authors were: 


WHAT PRICE DATA, Dr. Robert L. Froemke, Standard Oil Co, (N., J.) 

FACTORS INFLUENCING SELECTION OF PROCESS DATA HAND- 

LING SYSTEMS, Albert H. Hix, Carbide & Carbon Chemicals Co. 

THE CANADIAN PETROFINA INSTALLATION, Baron de Haulleville, 

Petrofina, Brussels. 

A FACTUAL APPROACH TO DATA LOGGING, K. N. ‘Thompson and 

George C. Johnson, Socony Mobil Oil Co. 

DATA HANDLING IN ‘THE PROCESS INDUSTRIES, M. W. Perkins 

and G, ‘IT. Cooper, M. W. Kellogg Co. 

DATA REDUCTION APPLIED TO ‘THE CHEMICAL INDUSTRY, 

E.. B. Hall, EF. [. du Pont de Nemours & Co. 

‘To aid other users and potential users, we have pinpointed the four main areas 
of these reports and the discussion they excited. But first a look at manage- 
ment’s point of view. 


Management's Viewpoint financial control as well Consider the clements 
of administrative control that are quite similar to the 
“At mid-century we are forced to restudy the clements of industrial process control. Essentially, 
problem of data handling in business, since it the performance of the business must be measured 
embraces two of the central elements of control and communicated back to the proper level of man 
measurement and communication. ‘The problem agement for appropriate action if any control action is 
has grown enormously in magnitude, exactly paral necessary. So the key elements are measurement 
leling the growth of our modern industrial and communication 
corporations. Simultaneously, the technology of So much for management's interest in electronic 
instrumentation has created automatic data-logging data-processing systems. In summary, it amounts to 
installations for process units. However, this latter in expectation that these systems may be able to 
activity covers only a part of the total data problem cope with the difficulties inherent in performing the 
that extends beyond production to include raw measurement and communication functions of 
material procurement, product distribution, and trol in large organizations.” RK. L. Froemke 


con 





WHAT AUTOMATIC LOGGERS DO 


The speakers’ plants consider data logging for 
several purposes 


> control of product quality and quantity to within 
specified limits through recording of process 
operating variables 

P cost and yield accounting 

P preparation of operating and managerial reports 

P engineering analyses 


REPORT |, on Recording 


“In one refinery an automatic data logger has been 
installed which converts into a digital form measur 
ments of flow, temperature, and pressure. ‘The digital 
representations of the variables are recorded by two 
special electric typewriters with extra-large carriages 
and with punched paper tape attachments 

“The logger continuously monitors 88 variables 
and records this information either as a demand 
readout or at a predetermined interval which is con 
tinuously adjustable from 5 min to an hour. Of 


REPORT II, on Centralized Control 


“In the general design of a centralized control 
system, the intent was not to substitute the informa 
tion system for normal operating techniques. ‘The 
substitution of recorders by indicators was done con 
servatively. Only after considerable study of the 
importance of each controlled variable was it decided 
that indicating controllers were to be used for a 
majority of the points, since scanning and a tempera 
ture trend recorder are available. 

“The data-logging system includes a console con 
taining a process variable integrator, a conventional 
temperature indicator, a trend recorder, a pate h 
panel, and three teletype machines. ‘The console is 
located centrally in the control room and meets 
Class I, Div. II area requirements 
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the 88 input measurements to the logger, 25 are 
pneumatic signals which are measurements of flow 
variables, 10 are pneumatic signals which are measure 
ments of pressure variables, and 50 are thermocouple 
voltage signals which represent temperature variables 
I:xcept for some integration to replace chart plani 
metering, there is no computation.” R. L. Froemk« 
(above). [This system has a reported 99 per cent 
in-service record. It is expected to pay in manpower 
savings and increased data-taking reliability.] 


“The information system: 

> Logs 259 selected process variables: flow, pres 
sure, temperature, level, and hydrogen- and 
oxygen-analysis once an hour. 

» Scans and alarms 70 process variables 

> Computes material and yield balances 

“Process variables are logged as instantaneous 
values, except flows, which are integrated; those flow 
values used in yield calculations are temperature 
and pressure-compensated. 

“The scanning system will automatically check the 
selected process variables against alarm point settings 
at the rate of five per sec. During the logging cycle, 
the scanning speed is slowed down to the logging 
speed. When the scanned variable is above or below 
the alarm setting, the audible alarm is sounded. If 
the variable is off-normal during the normal logging 
cycle, the variable will print in red on a normal log 
ging typewriter. If off-normal during the scanning 
cycle, it will print red on an off-normal typewriter 

“Once per hour, the total input and output flows 
for each unit are compared and computations made 
for unit material balances and for the percentage 
of product yield. If the comparisons are off more 
than a pre-set percentage, a red symbol will be 
printed in the column provided on the log sheet, 
and if the comparisons are within the set limits, a 
black symbol is printed. 
may be varied manually between zero and ten per 
cent.” G. C. Johnson (left) & K. N. Thompson. 


The allowable percentage 





REASONS FOR AUTOMATIC LOGGING 


|. Elimination of human error and bias 

“No matter how well we have selected and trained 
our operator, there is still the possibility of error in 
manual logging of data from analog instruments.” 
E. B. Hall, 

. It is understandable that, nolens volens, some 
biased figures may be inserted between ‘innocent 
Baron de Haulleville 
2. Instantaneous cut 

the jotting of numbers takes considerabl 
Therefore, {with manual logging} the operator 
does not get an instantaneous cut of a set of variables 
With an elongated [manual] one, the variables at the 
end of the reading do not necessarily correlate with 
those written down first.” Baron de Haullevill 

3. “A periodic and permanent log of the operat 
ing variables is obtained even during an emergency 
which might otherwise divert the operator from his 
logging duties for extended periods.” FE. B. Hall 

4. Automatic loggers can “record data in form 
directly usable in business machines, such as on 
punched cards, magnetic tapes, etc.” E. B. Hall 


ones ~ 


timie 


5. Automatic flow integratio: 
Instead of painfully and clumsily integrating, on 
evidently more accurate 
ind less time-consuming to use a device that arithmet 
ically adds data Baron de Haulleville 
6. Manpower reduction 


nonlinear paper it 1S 


Because in continuous proc plants operat 
ing crews are already reduced to the minimum ade 
there is littl 


from the 


quate for handling severe emergenci 
likelihood of control-room labor savings 
On the other hand, there 
is an appreciable amount of clerical labor involved 
in the preparation, handling, and filing of charts 
We expect the clerical record handling time with an 


B. Hall 


use of automatic logger: 


iutomatic logger to be considerably l« I 
One-time savings 
Given automatic-logging equipment with proven 
ind reliability, “a « 
of its present siz 


mtrol room 50 per 
indicated But 
maximum 


performance 
cent, or les 
we are not yet willing to design for the 
possible {initial) cost reduction advantage of data 


reduction systems”. FE. B. Hall 


PREPARING FOR AN AUTOMATIC LOGGER 


All of the study and experience reported show 


the necessity for team planning by many depart 


ments. ‘The work, spearheaded by the instrument 
department people, cuts across organizational line 
This is not a new lesson, but a significant one for 
successful planning. A. H. Hix (right), 
these participating groups 

P Procedures Department (including 
> Operating Department 

P Engineering Department 

P Instrumentation Engineering Department 

He recommended the securing of this minimum 
information: 

|. Detailed description of existing use of each 
mcasuring point in the system (information pro 
vided by Operating and Procedures departments 
2. Type and location of measuring elements and 
transducers (information provided by Instrumenta 
tion Engineering Department). 

3. List of required logger functions (information 
provided by all four groups) 

4. Detailed data-handling system specification 
I'his must include a specific logger function for each 
logged point (information provided by Instrumen 
tation Engineering Department ) 

5. Quotation comparisons from 
equipment manufacturers (information provided by 
Instrumentation Engineering Department ) 

6. Total installed cost of selected system (informa 
Engineering Department and 
Instrumentation Engineering Department 

A writeup of advantages to be gained in 
employing the data-handling system to justify pur 


reported 


accounting 


data-handling 


tion provided by 


chase and _ installation 
Department, Engineering Depart ent, and Instru 
mentation Engineering Depart 


prepa 1 py Procedure 


he work will consume a great deal of engineering 


time. Johnson and Thompson ted quadrup 


ling the most pessimistic estimate of time Con 


ulting engineer cngineering mtractor and 
can lighten the load, but the 


quirement 


vendor pro pective 
purchaser still must prescribe hi 

Planned availability of qualified namtenance pel 
onnel is a prime requirement. [Existing instrument 
inaimtenance personne | can master data-logging « quip 
ment if given thorough instruction at the manufa 
il tramimng meet 


SOCONY 


i information 


turer's plant or if they attend sp 


vartiment 


ings set up by their instrument dey 


Mobil 
from the manufacturer to the refinery in which the 
to be installed 


assigned an enginecr to rel 


logger wa 
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PROSPECTS FOR AUTOMATIC LOGGING 


Temperature 
Leve/ 
—— Pressure 





Feed 
DOCK 


control 








1. Black blocks show automatic logger essentials. The 
items and functions added in white show the transition from a 
basic automatic logger to complete digital logging and control. 


“In addition to the essentials [shown by dark 
blocks in Figure 1], data-reduction systems may 
contain devices . . . to add flexibility to the facilities 
A few of the items that might be added are shown 
[by the white blocks]. Included are alarms, special 
programming, and additional outlets for the final 
digital data. ‘The data may be punched on IBM 
cards, recorded on tape, or fed to a computer [which 
in turn might develop feedback signals to control 
the process]. EF, B. Hall (above). 

The technology and equipment are available for 
the calculation of operating, cost, and yield data 
Agreement on the probability and desirability of cal 
culating them is general, but the radius of centralized 
logging, computing, and control still fluctuates over 
an undetermined area. One group believes that it is 
practicable to centralize the control of simple and 
compact plants, but not of large and complex 
plants. Still another thinks that automatic coor 
dinated control of widely scattered plants, all making 


the same type of product, is within the forseeabl« 
future. A central computer might receive tele 
metered measurements from each plant, analyze the 
measurements, and calculate adjustment of produ 
tion rates necessary at each plant to achieve optimum 
overall cost. ‘This is done today, by the way, in 
some electric power generation and distribution 
systems 

\s most of the speakers and discussers reported 
on their first installation (actual or planned), there 
was little consideration of the second one. ‘Today’: 
intangible justifications cannot be put down in 
black and red until more users do plan theii 
installations upon a foundation of performance and 
economics laid by their first 

Copies of the complete proceedings are available 
from A. Adamson, M. W. Kellogg Co., 711 ‘Third 
Ave., New York, N. ¥ 

For a complete rundown of logging means, se 
Controt ENGIngERING, February 56, page 67 
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The first known digital recording system came into being 
in 1938 after four years of development initiated by T. G 


LeClair 


of the Commonwealth Edison Co 


(Chicago It 


used a mechanical analog-to-digital converter that soon gave 
way to the electromechanical system shown. 

Before the evolution of this digital recorder, individual circu 
lar-chart recorders were connected to each feeder line in unat 
tended substations. Every day a chart collector drove to all 
substations and delivered his accumulated charts to a system 
planning group for conversion of the chart records to numbers 
Replacing this practice, the digital system records the amperag« 
of each of sixteen feeder lines per station and the totals of 
groups of four lines. A rack, left, located in each unattended 
substation, transmits data in teletype code over telephone lines, 
tone channels, or microwave to printers, right, gathered im a 
control center 
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NEW CONTROL COMPONENTS: 





Nonlinear Ceramic Dielectrics 


The ceramic dielectrics have been put to many uses in the control field, 
chiefly as transducers that make use of their piezoelectric properties. They 
have still another, far less exploited characteristic. They are nonlinear in 
the same way as are ferromagnetic materials: they display a hysteresis 
loop. Because of this analogy they are called ferroelectrics. 

Nonlinear dielectrics can amplify electrical signals somewhat as mag- 
netic amplifiers. Such dielectric amplifiers have several inherent potential 
advantages over magnetic amplifiers for voltage and moderate power 
amplifier applications. They are small and light-weight, have very low 
power consumption because they are voltage- rather than current-operated, 
and have a higher frequency response because of the faster switching of 
electric dipoles. 

The dielectric amplifier compares favorably with the transistor, too. 
Being essentially a variable capacitor, it will have the life of a good-qual- 
ity capacitor. And like the transistor, it has no filament and avoids this 
power loss. It is far simpler to make than the transistor. 

it has two basic disadvantages, however: it requires a radio-frequency 
power source (it is basically a modulator—a much-used control technique 
itself) and operates only in a narrow temperature range. 

The ceramic dielectric’s hysteresis loop also makes possible the ferro- 
electric memory. The saturated dielectric can store a binary-coded signal 
in much the same way as do magnetic cores. This use of ferroelectrics is 
still fairly well confined to the laboratory for the lack of large-enough 
high-quality crystals out of which to manufacture the multi-address matrices 
needed for computers. They shall some day make practical computer 
memories the size of a postage stamp. 


Surely, the electronic revolution of the past decade 
was spurred by the pressure of military needs. But 
it was nourished by a series of timely discoveries and 
inventions. An important example was the versatil 
ceramic, barium titanate, whose remarkable proper 

NORMAN RUDNICK and ties gave birth to a thriving nev ustri 


GLENN HOWATT, Glenco Corp. In some forms barium titanate has a diclectri 
constant as high as 8,000 to 10,000 as compared with 


| 


5 to 10 for conventional diclectri uch as mica, 
paper gla or some other ceram In practi al 
terms, this radically reduced the size of capacitors 
and came at a time when miniaturization of elec 
trical components was demanded by the increasing 


weight and spac limitations | raft clectroni 
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THE FERROELECTRIC HYSTERESIS LOOP 


FIG. 1 
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equipment. It has helped relieve the already over 
burdened foot soldier of much of the mass of his 
communications gear, has provided miniature hear 
ing aids and radios, and has helped to restrain the 
enormity of such large systems as computers. 

It was found also that barium titanate could be 
rendered piezoelectric, that is, it could transform 
mechanical energy into electrical energy and vice 
versa. ‘This led to a multitude of applications in 
underwater sound transducers, phonograph pickups, 
microphones and loudspeakers, accelerometers, ultra 
sonic devices, medical instruments, and many others. 

Nonlinearity, related to the ferroelectric behavior 
of barium titanate, is the least exploited characteristic 
of this remarkable ceramic. It is also the characteris 
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tic of special interest in the field of control engi 
neering. 


NONLINEARITY AND FERROELECTRICITY 


In the capacitor equation, O=CV, O is the charge 
stored, C the capacitance, and V the voltage 
applied. In a conventional capacitor, mica fot 
example, a graph of O versus V is a straight line, 
that is, linear, with a slope C proportional to the 
dielectric constant. In a barium titanate capacitor a 
varying voltage produces a hysteresis loop like that 
shown in Figure 1. The loop is exaggerated to show 
details. Here the plot of O versus V (or polariza 
tion versus electric field) is curved or nonlinear 
Since the slope is continually changing, the instan 
taneous capacitance is dependent on the applied 
voltage. 

By analogy with the ferromagnetic hysteresis loop 
which is similar in form to Figure ] when the magnet 
ic induction B is plotted against the magnetic field 
H, this dielectric hysteresis loop is called ferroelec 
tric. Although barium titanate is not the only 
ferroelectric, it is the most widely used. 

Because the capacitance of a nonlinear capacitor 
can be varied by changing the applied voltage, many 
applications are suggested, such as diclectric amphi 
fiers, voltage-tuned filters or tank circuits, modula 
tors, and sweep tuners 

Note that when an applied voltage is 
the titanate capacitor does not return to a condi 
tion of zero charge, or zero polarization, but retains 
1 remanent charge, Q, related to the remanent 
polarization P. ‘This charge is positive or negative 
depending upon the polarity of the previously applied 
voltage. Thus the capacitor remembers electrically 
and ‘is therefore of potential importance as a storag¢ 
device for computers or control systems (see Fowler 


removed 


FIG. 2 (left). Unit cell of the 
BaTiO, crystal. Within a sin 


| gle pure unstrained crystal, 
these unit cells continue in all 
| directions in a symmetrical ar- 


| 
’ 
| 
| 
| 


rangement. Only the Ti atoms 
are not shared by the adjoin 
ing cells. 


4 


| 
FIG. 3 (right). Cross-section 
through unit cell shows how Ti 
| displaces toward one of the 
‘ O's. These displacements align 
throughout a single crystal, 
causing cach crystal to have a 
spontaneous polarization. The 
crystal also elongates slightly in 
direction of displacement. 





THE UNIT CELL LOOP 
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lhe memory function requires a broad, square 





hysteresis loop with vertical sides and flat top and 
bottom for best operation, while the other applica 
tions demand a narrow loop. ‘Thus barium titanate 
is only the parent of a family of dielectrics whose 
haracteristics are adjusted to serve different purpose 


THE HYSTERESIS LOOP AND 
BARIUM TITANATE 


Barium titanate can be produced as a single crystal 
or as a polycrystalline ceramic. For some purposes 
the single crystal is superior to the ceramic, but for 
most, the ceramic has telling advantages. It is easily 


produced commercially, is very economical to use DY 
/ 











can be fabricated in almost any shape or size, and 

its composition can readily be vaned to achieve 

pecial properties. ‘The single crystal is difficult and 

expensive to grow and is not adaptable to easy adjust 

ment of composition. It is a laboratory item THE EFFECT OF VARIABLES ON 
Ihe ceramic is actually a conglomerate of many BaTiO, HYSTERESIS LOOP 

tiny crystals joined together in diverse ways and 


G. § SMPERATURE 
embedded in a glassy matrix [he result is a FIG. 5. TEMPERATURE 


confused arrangement, which can be considered only 
statistically In overall behavior, however, the 
ceramic resembles the single crystal sufficiently so 
that it is convenient to describe the ceramic proper 


ties in terms of the simpler structure of the crystal 175° C 150° C 


I'he ceramic differs from the single crystal in that 
the initial polarization is statistically zero, but 
resembles the crystal in that, once polarized, it fol 
lows a similar hysteresis loop forever 

I'he hysteresis loops, however, are different in that 


the ceramik loop has rounder knees. lower remanent +45°C +75°C +105° #120° C +125°C 
charge, morc sloping ides, and not quite so flat a top 


as the single-crystal loop. This is because dipole FIG. 6. DC BIAS 
witching in the single crystal is relatively easy and ga" 
uncomplicated, and polarization, in the form of 
chains of individual dipoles similarly directed 
proceeds from unit cell to unit cell through the 
thickness of the crystal 

In the ceramic, not all the unit cells have face 
o aligned that dipoles can be established parallel 
to the artificially induced polarization axis. Some 
can only strain in the direction of the sensed force 
and relax back when the force is no longer present. 

Because the reorientation of th spontancou 





dipole of a unit cell requires that the cell change 
its physical shape, this reorientation also demands a .~ Bias 2 
ertain elastic freedom to deform. But this freedom 
may not exist due to the constraint of the matrix aie 
environment The best the individual dipoles can 
do then is to attempt to follow the field as closeh 
as their frequently awkward circumstances permit 

Because some of the dipoles require more force 
than others to switch their orientation, and because eet t-te 
some do not switch at all but merely strain toward y pgs” <0 Pt 


one direction or another, there is no sharp demarca 








tion in the hysteresis loop indicating that the dipole 
have suddenly switched The “knee” is 
Also, because a slightly greater voltage may 
some dipoles 


rounded 
witch 
constramed to be switched at 
lower voltages or may further strain some incom 
pletely aligned dipoles, the top of the hysteresi 
loop does not reach truc 
retains a definite slope 


too 


aturation or flatness, but 


When the voltage is removed, there is a greater 
relaxation in the ceramic than in the single crystal 
because the many strains introduced in the ceramic 
by distorting tiny crystals against an obstructing 
environment act ‘ 
unstrained state 


VARIATION OF NONLINEARITY 


Nonlinearity varies with te mperature, electric field, 
and time or frequency. Above its Curie point, 120 
deg C, barium titanate loses its ferroelectric proper 
ties, and below the Curie point, in the ferroelectric 
region, the hysteresis loops are 
nounced 


to restore these crystals to a more 


broad and 
At the Curie point they narrow and above 
the Curie point they collaps« 


pro 


The charge-versus 
voltage curve remains nonlinear somewhat above the 
Curie point, the degree of nonlinearity increasing 
with proximity to that point. Figure 5 shows the 
variation of the hysteresis loops with temperature 

If a de field is applied to the nonlinear cerami 
simultaneously with the ac field that traces out the 
hysteresis loop, the loop is distorted (Figure 6). 

Since the dipoles require a finite time to switch, 
it might be expected that at higher frequencies the 
hysteresis loop would be suppressed. While it is 
difficult to study hysteresis loops at high frequencies, 
it has been found that the 


dielectric constant falls 


which 
an indication that the dipoles can 
longer follow the rapidly changing voltage 
Another effect, that of dielectric heating, is of 
importance with respect to frequency Phi 
under the hysteresis loop represents heat lo 
cycle. At higher frequencies there are more 
per second, hence more heat generated per se 
If this heat is more than the capacitor can dissipat 
to its surrounding, the temperature will rise to the 


off rapidly somewhere above 100 me pre 


umably is no 


atCd 
pel 
evel 
| 


ond 


Curie point, where the hysteresis loop collapses and 
the generation of heat subsides 
In practice nonlinearity is employed in two general 
ways and the effect of the above influence: 
different, depending on the type of application 
lirst there is the change in small-signal capacitance 
field. In thi the dc tablishe 
a quiescent operating point on the major hy 
loop while the weak 


Way be 


with de Case bias « 
teres! 
ac signal performs a minor 
lope of the 


bias is increased, the 


excursion about this point, sensing the 
As the 
operating point approaches the flat top of the loop, 


loop in that region 


the decreasing slope constituting less capacitance 
Lhe ligure 6 
Here, typically, a large amplitude ac carrier 


second case is more related to 
voltage 
continually traverses the major hysteresis loop and 
senses a value of capacitance which is an integrated 
hi 
flow ot 
produced by the peak-to-peak change in a 


which is a measure of the average capacitance. In 


average of the slopes over the entire loop mal 


also be considered in terms of th« harge 


oltage 


the unbiased, undistorted hysteresis loop this charg: 
is the difference between the positive and negative 
peaks, which, because of symmetry, is twice thi 


positive peak. With bias, one half of the loop i 


EFFECT OF TEMPERATURE ON DIELECTRIC CONSTANT 
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FIG. 7 


EFFECT OF IMPURITIES 





3 COMMERCIALLY AVAILABLE CERAMICS 
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Temperature - deg C 


FIG. 9. 


Pheir temperature characteristics. 
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, electric field in voits/mil 


ric. 10 


Their capacitance variance 


hortened so that the 


creased; hence, the 


peak-to-peak charge is cd 
effect is a decrease in average 
with increase in de _ bias The result 
that of the first instance, but the 
mechanism is somewhat different. Where large a 
heating effect of high 
Also the effect of d 


capacitance cannot be 


capacitance 
is similar to 
signals must be used, the 
frequencies 1s more severe 
bias on the large-signal 
expected to be identical to its effect on a small 


signal « apacitance 


OPERATION ABOVE THE CURIE POINT 


lor a number of reasons it is frequently con 
venient to use a nonlinear cerami capacitor just 
point. If the small signal chang 


mn capacitance IS Cxpre sed as a nonlinearity 


ibove its Curie 


coett 


cient with units of per cent cl ‘ 
per volt of ipphied de potential 
it is found that thi 
Cur pom 

Also, a narrow 


If the loop " 


capacitance 
mul of diclectri 


cocthcient reatest near the 


hysteresis | of advantage 


wie, the capacitance corresponding 
to a given de bias is twoval 
whether the 


is being used 


depending On 
lowe ortion of the 
hus, if a is applied 
) 


ponse will not be reversib! csulting in severe 


uppel or 


loop 


the re 


distortion If a narrow loop is O rs just above the 


Cune poimt, is used, the upper and lower portions 
P} 


of the loop almost coimeide and tortion is mini 
mized 


ot le 


In addition, a narrow | ps an indication 
dielectric 


heating, so that higher frequen i« 


he employed 
nfortunately, the Curi point of barium titanate 
is at 120 deg ¢ 


purpose 


an awkward temperature for most 


s and a temperature at wh conductivity 
increased As can lb 

the capacitance temperatu inv ! 
peaked at this 


iriation with small changes in t 


is seriously i from Figure 
harply 
temperature that capacitance 
would 


field 


made to barium 


mperature 
be much greater than variation with electri 

lor these 
titanate to lower the Curi point ind to broaden 
the peak is illustrated in Figure 
ents three nonlinear cerami 
by the Glenco ¢ orp 
tion of small-signal capacitance th de bias for 


reasons addition i! 


igure 9 pre 
omposition produced 


bigure hows the varia 
that decreas 
flattening the 
peak in the capacitance-temperatur urve 1 
But the Cur 


these three material: It can be 
the temperature dependen 
dom 
it a sacrifice of nonlinearity 
slightly 


these Capacitor ire 


pot: 
that 


iT how below room) 


he tte fol 


ipcrature 0 


CONTROL APPLICATIONS 


igure LIA how i implified rout of 
tric amplifier to illustrate the ba principle Lhe 


nonlinear capacitor, the 


' an le 
racho-freq powcr sup 
ply, and the load form a simple s« wit in which 
voltage is d ed between the 
capacitor Lhe | | gnal varies the 
changing ts ettective 


ince and thereby varving the portion of the 


thr powcl upplhy 
load and the 
bias on the capacitor imped 
upply 
oltage dropped acto thi capacit Lhe oltage 
delivered to the load 


low-fre quency 


wies mVerse Because the 


ignal I compa to the powc! 
nodulated carrier 
demodulated ti} 


ersion of the input ignal 


upph the output | ictually a 


which, when mplihed 


Ihe fixed de bias is necessai ecause the capaci 
tor decreases its « ipacitance f ith 
voltage With no theretor the 
would dip for each half of 


positive and 
negative 
ipacitance i) input 


ine wave signal, thus doubling the frequen instead 


of reproducing the original signal 


Thi frequency doubling act mother use 





SOME DIELECTRIC AMPLIFIER CIRCUITS 
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for the nonlinear capacitor when this function i 
desired 

Remembering that the effect of the de bias plus 
the low-frequency signal is to cyclically decrease and 
increase the size of the hysteresis loop being traversed 
by the high-amplitude rf power supply signal, one 
can explain the amplifier operation from th point 
of view of charge flow. Figure 6 is again applicable 
Ihe hysteresis loop shows the amount of charg« 


flowing per cycle, representing a measure of the 
current flowing in the load. Maximum 
load when the 
minimum when it is smallest. The alternate expan 


ion and contraction of the loop with the 


current 1 
delivered to the loop is largest 
input 
ignal acts as a valve on the load current [he 
greater the change in the size of the hysteresis loop 
for a given input signal, the more gain is realized 

igure 11B shows a bridge-connected dielectric 
amplifier using two nonlinear and two linear capaci 
tors. With no signal the bridge is balanced. A 
ignal adds to the voltage across one nonlinear capaci 
tor and subtracts from the voltage across the other 
upsetting the balance and causing the signal voltag 
to appear, amplified, in the output circuit as modula 
tion on the rf carrier 

Figure 11C shows a pushpull dielectric amplifier 

Another type of circuit is pictured in Figure 11D 
Here a tank circuit composed of a coil and two non 
linear capacitors is tuned just above or just below 
the power-supply frequency. ‘The input signal shift 
the effective capacitance so that the resonant fre 
quency of the tuned circuit approaches and recede 
from the supply frequency, demanding more or les 
power. The sharp slopes on the sides of the reso 
nance response curve t nd to increase the gain achiev 
ible from this circuit 

Ihe basic function of the nonlinear capacitors in 
these amplifier circuits is modulation in one cas 
ind tuning in the other. Many other appli 
exist where tuning and modulation are the ends in 


ation 


For example, a sweep tuner may cover 
| 
voltage to 


themselves 
1 frequency band by applying a periodic 
a nonlinear capacitor, thereby requiring no moving 
mechanical parts 


FERROELECTRIC MEMORIES 


In a different class are the memory devi for 
storage of electrical information 

It was pointed out, with special reference to 
igure 4, that the barium titanate capacitor remain 
in a charged condition after the application of a 
If these voltages are in the form of in 
a computing device, the 


voltage 
formation pulses from 
barium titanate 1s capable of remembering whether 
or not it has received such a pulse. A simple circuit 
to illustrate the operation of a single memory cell 
is Shown in Figure 12 

Consider a positive pulse as a writing pulse, im 
pressing information, and a negative pulse as a read 





A MEMORY CIRCUIT 


his is 


MCMOrTy 


ing pulse, probing for information a binar 
All that is expected of thi 
is that it answer yes or no when asked if it is storing 
information. No is as informative as yes 


Regardless of the initial 


system unit 


condition of the non 


linear element, when a positive pulse is impressed 


it polarizes in the positive direction, point A in 
igure 4. If another information pulse in the posi 
tive direction comes along, the memory element 
moves from point A to point H and back to point A 
Since this is the saturation region, there is practi 
cally no flow of charge into the load. However, if 
a negative or reading pulse is applied, the element 
A to point D and then rest 

Ihe vertical 
of the flow of 
load, producing an 


switches from point 
at point FE 
distance from 


after the pulse is past 
A to E is a 
charge which surges into the 
output pulse, 


mecasure 


This is fed into a clipper which i 
so biased as to reject any small output pulse present 
even when thc 
If there is 
in condition | 


does not 
the 
\ negative reading puls¢ mereh 
traverses the path EF to D and back to I Phe 
flow of and any small voltag 
appearing across the load is not passed through the 
clipper 


element switch over 


no storage, memory clement | 


charge is small 


hus there is an output only when a reading 
pulse finds stored information 

Note that the 
torage is lost 
pulsing circuit which is triggered upon readout to 
restore an information pulse if required 

If the pulse widths are small, of the order of 0.1 
or 0.01 
the 
information had been 


the 


! 
Ipc 


that 
remedied by a 


readout is destructive in 


This can be 


microsec, the output pulse, indicating that 
becaus« 
form of the 
In thi i 

uch as an 
amplifier with a relatively low upper cutoff frequenc' 
but the 


made up of lower frequen 


switching 
tored, has the 
input pulse with a long trailing edg 


memory clement | ove! 


a frequency-discriminating device iudio 


will not pass the original pulse, will see 
trailing edge which is 
thi 
less efficient than frequency discrimination 
hysteresis 
sides d 


components In case, amplitude clipping 


lor memory elements the hould 


with 


loop 


be square vertical harp knee, and a 


The flat 


l negligibly 


top 


th 


cmcnt 


top Cl | that 


output 
mall unk t]| 
I he 
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When reading 
voltage is fed to 
should be less than 
Unk the knee | 
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the flat top also assure high 1 nt polarization 
so that the output pulse, when tchin 
is large and easily fa 
unwanted signal 
heet 
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the 
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Although potentiometers are functionally simple, their large variety of 
electrical characteristics and mechanical configurations makes the problem 
of applying them a complex one. But by becoming familiar with pot types 
and characteristics, and the requirements of basic pot applications, you can 
simplify the job. A good procedure is recommended by author Gray. 

” Find out whether a resistance pot will best satisfy requirements by com- 
paring the characteristics of the various types, Table |, page 82. 

” When you have decided to use a resistance pot, take a look at the available 
varieties in Table Ii, page 83. 

” Review the eight basic system functions of potentiometers, page 86. 
Probably your application is similar to one or more of these basic functions, 
so you can quickly establish the important potentiometer characteristics. 

” Make sure you haven't overlooked any important selection factors. Review 
those listed in Table IV, page 88. 

” Learn how to recognize basic pot functions in complex systems by studying 
the examples starting on page 89. 

” Follow a typical problem from the basic system configuration and specifica- 
tions through the final selection of commercially available pots, page 91. 


A Guide to 
Applying Resistance Pots 


POTS REGULATE PRINTING TIME. Logarithmic pots in highly accurate exposure timing device for Kodacolor Printer 
Rigid specifications required that pot conform to logarithmic function over a 6:1 ratio, (Eastman Kodak Co.) 
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Potentiometers are clectromechanical devices that 


develop an electrical output signal proportional to 


the product of an input electrical signal and som« 
function of shaft angle. In the special but highh 
important case where the shaft 
a straight line, a potentiometer is 


angle function | 
called linear 
Potentiometers have become so important in the 
fields of computation and automatic control that 
variety of standard” types ha 
been developed, each with its distinct area of applica 
tion In to 
“specials” to customer specifications wher 
Thus, the 
is faced with the formidable task of choosing, from 


a wide more or less 


addition, manufacturers are willing 
design 
existing types are not satisfactory uSeI 
the assortment of standards and special types, thi 
for And thi 
potentiometer that is used often spells the difference 
workable 


between a complex and greatly simplified one, 
| 


one most suitable his system since 


between a and unworkable system, o1 
thi 
selection procedure is important 

First, the basic potentiometer type must be chosen 
l'able I tabulates and describes the principal avail 
Kach of these field of 
greatest utility, and it is necessary to scan this tabl 
niu ual 

listed 
the satile 


It develops a shaft-respon 


able varieties has its own 


all 
Of thos 


most ve! 


prior to choosing a potentiometer for 
or especially stringent application 
thé resistance potentiometer i 

and most widely 
sive electrical signal by the motion of sliding a con 


used. 


tactor or wiper along an energized resistance element 
It is the most important potentiometer type becaus 
if 1s 
> functionally 
innumerably 


flexible, so that it can be used in 


diverse applications 

P easily integrated with other elements of analog 
computers and electromechanical control system 

P reliable, and capable of withstanding the most 

environmental conditions 

to 
repre sentable 


SCVCTe 


P economically available very high accuraci 


and in compact siz by fixed 


parameters with predictable systems chara 
teristics 
Its principal competitor, the induction potenti 
ometer, has some very unusual advantages, of which 
long life and infinite resolution are two, and often 
to 


However, the complexity ot 


provides the only satisfactory solution certai 
application problems 


the associated equipment require d for high accura 
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the 
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rAaBLE! TYPES OF POTENTIOMETERS AND HOW THEY WORK 


RESISTANCE POTENTIOMETERS 

The resistance pot uses a sliding contact or wiper on a resistance element. It is 
@ flexible component, can be used on ac and dc, operates to very high fre 
quency ranges, introduces no distortion of the output signal, and can be manu 
foctured to high accuracies at a relatively low cost. Its principal limitations 
are: limited life due to sliding contact, poor ratio of output to input impedance, 
and noise generation at the wiper. 


INDUCTION POTENTIOMETERS 

Action is obtained by varying the mutual inductance between a primary coil 
and an output or secondary coil. The instrument is distinguished by exception 
ally long life (hundreds of millions of cycles at speeds up to several thousand 
rpm). Resolution is infinite, and accuracies are comparable to resistance pots. 
By its noture, it provides isolation between input and output. Its principal 
limitation is the expensive electronic auxiliary equipment required for phase 
correction and temperature and nonlinearity compensation. It has a low ratio 
of output to input impedance, and is not as load-sensitive as the resistance pot. 


INDUCTIVE POTENTIOMETERS 

This is essentially a variable auto-transformer, with a contact for varying the 
output top point. Present units avoid a sliding action by using a rolling wiper 
Life is somewhere between that of the resistance pot and the induction pot. 
The ratio of output impedance to input impedance is extremely low, so that 
high accuracies can be achieved even when heavily loaded. Properly desiqned 
units have practically infinite resolution, and thus are suitable for use in high- 
gain servo systems. Their principal limitation is their size, large in comparison 
with equally accurate resistance or induction pots. 


RELUCTANCE POTENTIOMETERS 

Mutual inductance of two coils is varied by moving a magnetic slug. The dif- 
ferential transformer, responding to linear-motion inputs, is a useful special 
variety of this unit. Sine there is no contact with the rotor, the reluctance pot 
is simple, rugged, and long-lived. This, and the following types, are not as 
generally used as first three above. 


CAPACITIVE POTENTIOMETERS 

Capacitance is varied by an angular shaft motion. By its nature, it is useful 
as a control element in high-frequency circuits. It has been used in computers 
for the generation of linear and nonlinear functions. Shielding is an important 
prerequisite to satisfactory operation. 


DIELECTRIC POTENTIOMETERS 

Recently developed, their action is obtained by varying the position of a pickup 
point or tap in a current-carrying field. They are principally used on ac because 
of ionization problems. The total resistance of a dielectric pot varies consider 
ably with temperature. However, the accuracy of the tap voltage as a percent 
age of applied voltage can be held to very close tolerances. Infinite resolution 
and unlimited life are the two major features. 


COMBINED TYPES 

Many potentiometers are combinations of some of the above types. A common 
form includes one of the above types, suitably tapped, with a fine potentiom 
eter interpolating between taps. Synchronized switching is required in this 
application. Accuracies of 0.003 per cent have been achieved this way 
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TABLE || VARIETIES OF RESISTANCE POTENTIOMETERS 


SINGLE-TURN POTENTIOMETERS 

Most common variety, available in small sizes in accuracies within 
0.1 per cent. Because of limitations in wire size, the resolution of 
this type pot cannot exceed | port in 2,500 per inch of diameter. 
Life is longer than that of the multi-turn. units, and their small 
angular motion allows them to be operated heavily geared down, 
thereby reflecting negligible friction and inertia to a servomotor. 
Large diameters of 3 or 4 in. are not uncommon where high ac- 
curacies are required. This type is especially adaptable to ganging. 
Maximum resistance values, readily obtainable with stable, low- 
temperature coefficient wire, range from 25 K for 74 in. diam to 
200 K for 3 in. diam. Higher values are obtainable in special cases. 


SLIDE-WIRE POTENTIOMETERS 


Single slide wire serves as the resistance element, with a principal 
advantage being very high resolution in small sizes. Resistance in 
a given frame is limited by the length of wire. The thin wire needed 
for high resistance results in wear and reduced life. The slide-wire 
construction is often used in multi-turn pots where the additional 
active length permits practical resistance values. A typical 1.8 in. 
diam unit has a resistance of 250 ohms/turn. Larger diameters are 
used where higher resistance is needed. 


LINEAR-MOTION POTENTIOMETERS 

Where the displacement to be measured is linear, the rack and 
pinion required for conversion often can be avoided by using this 
type pot. As with the rotary pot, resolution and accuracy are lim- 
ited by the length of the resistance element. Thus a linear motion 
pot 2'/, in. long performs approximately the same as a 1 in. diam 
rotary pot. Linear units require careful mechanical design to achieve 
good rigidity and repeatability with a minimum of friction. 


MULTI-TURN POTENTIOMETERS 

Used where high accuracy and resolution are required in a mini- 
mum diameter. Because they must be operated at N times the 
speed of a single-turn pot, they often introduce substantial loading 
on a small instrument servomotor. With a large total angular 
travel, input gearing need not be as precise as for the single-turn 
equivalent. These units must always incorporate stops to limit 
servomechanism travel. Units are available with up to 60 turns. 
Accuracies and resolutions of a few hundredths of one per cent are 
within reach of a ten-turn unit. 


LOW-TORQUE POTENTIOMETERS 

Useful where the output of a transducer con directly drive a pot, 
often eliminating a servomechanism. Their contact resistance is 
high (up to several hundred ohms), and they are sensitive to vibra- 
tion. In the lowest torque units, with sensitivities down to a few 
thousandths of an oz-in., jewel bearings must be used. Very low- 
torque units are of the single-turn variety, and maximum available 
resistance values correspond to the values for that category 


FILM-TYPE POTENTIOMETERS 

A variety of high-resolution potentiometers has been developed 
using deposited metal, carbon, or conducting-plastic films. Resolu- 
tion is better than the best wire-wound pots by two or three times 
(excepting the slide-wire type). The total resistance of these units, 
however, is not nearly as constant with temperature and aging. 
Experimental work is still being corried on, with high stability 
under extreme environmental conditions a primary objective. Car- 
bon-film pots are available to 100 K in a 11/16 in. diam. Very 
low values (below a few hundred ohms) cannot be obtained without 
sacrificing other qualities. Carbon-film pots are not usually used as 
variable resistors because of high end resistance. Metal-film pots 
have higher resistance in a given size thon wire-wound units, 
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TABLE Il Continued 


TRIMMER POTENTIOMETERS 

Both metal-film and wire-wound pots are 
used for trimming ond calibration pur- 
poses. They are characterized by extreme- 
ly small size, a high degree of stability, 
and some kind of device for locking the 
setting affer adjustment. 


TABLE Ill 


HOW POTENTIOMETERS GENERATE 
NONLINEAR FUNCTIONS 


CONTROL ENGINEERING 


NONLINEAR POTENTIOMETERS 

Used where nonlinear functions of shaft 
rotation are required. They may be con- 
sidered as electrical cams’. Because of 
the many ways of achieving nonlinearity, 
Table Ili is devoted to this type. 


MECHANICAL VARIATIONS 

A great number of mechanical variations, 
based on such foctors as type of mount- 
ing, output shaft, provision for ganging, 
inclusion of switching circuits within the 
potentiometer, etc., are available, or can 
be specially designed. Four ganged single- 
turn pots are shown here. 


VARIABLE WIRE SPACING 
Wire spacing on mandrel is increased or decreased, depend- 
ing on the nonlinear function being generated. Resolution 


varies with spacing. 





VARIABLE WIRE SIZE 


Different wire size in sections of the resistance element per- 
mits change in output slope. 





VARIABLE-WIDTH CARD 
Mandrel on which resistance element is wound has a nonuni- 
form width, corresponding to the nonlinear function. 





TABLE Ill Continued 


TAPPED POTENTIOMETER WITH SHUNT RESISTORS 
Convenient and moderately accurate method of establishing 
a nonlinear functions as a series of straight lines. The greater 
the number of taps, the closer the approximation. 





NONLINEAR DRIVING LINKAGE OR CAM 
Often used to develop a sine or other nonlinear function from 
a linear potentiometer. 





POTENTIOMETER WITH SUBSTANTIAL LOAD 
A loaded potentiometer with a network of fixed resistors 
develops a limited but useful variety of nonlinear functions. 





SPECIAL ARRANGEMENTS OF WIRE ON FORMS 

A contact moves across the flat surface of a specially shaped 
element to develop the required nonlinear function. Film and 
wire-wound sine-cosine pots are typical varieties. 





GANGED POTENTIOMETERS 
Potentiometers feeding into one another in cascade can ac- 
curately develop certain limited functions. Raising to ao power 
is particularly convenient. 





COMBINATION OF METHODS 

Frequently the above techniques can be combined to give 
high accuracy, or a specially high degree of nonlinearity. The 
figure shows an example, a pot mandrel using a stepped, va- 
riable-width cord and different wire size where the required 
slope of a contoured design is beyond practical limits, 
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THE EIGHT BASIC SYSTEM FUNCTIONS 


1, DATA CONVERSION 


The importance of the electromechanical computer for 
analog computation and automatic control has estab- 
lished the potentiometer in a leading role as a con- 
verter between shaft angle and electrical signal. (A) 
shows the mechanical to electrical conversion, and (B) 
the electrical to mechanical conversion. The accuracy 
must be sufficient to meet the requirements of the appli- 
cation, while resolution must be consistent with the 
stability requirements of the closed loop. Note alse 
the possibility of multiplying or dividing with line exci- 
tation as one variable. 


5. NULLING 


In nulling circuits, a servomechanism positions a 
potentiometer so that it bucks out an input signal. 
Since precise nulling is important in a high-gain servo, 
resolution must be adequate if oscillation is to be 
avoided. The diagram shows a pot as a nulling device 
in a “memory” circuit, After the pot is positioned to 
balance the input signal, it may be locked in that posi- 
tion by a brake. Then the “memorized” output voltage 
may be switched to another circuit. 
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2. ANGLE TRANSMISSION 


Since the pot must do work in providing the energy 
for positioning the dc synchro, it must be capable of 
sustaining a large amount of heat dissipation. Inher- 
ently, open-loop systems of this type are not highly 
accurate. Potentiometer-shaft frictional torque is apt 
to be appreciable since heavy contacts are required for 
current conduction. However, in the open-loop system, 
resolution is important only as it affects accuracy. 


6. BALANCING 


When used as a balancing device, potentiometer accu- 
racy must be consistent with the requirements of the 
application. High resolution is also necessary because 
of the closed loop. In the diagram, balancing-potentiom- 
eter shaft position is an indication of the quantity 
being measured. 





K'stablishing optimum specifications is a complex task because of the 


range of possible applications 


applications become primary in others 


functions, each requiring its own distinctive potentiometer characteristics 


Factors that are relatively unimportant in so 
Ihe following describes eight ba 


| he S¢ 


eight are comparable to the large majority of complex potentiometer application 
in industrial and military equipment. Once a basic pot function is recognized 
in a complex system, potentiometer specifications suggest themselves 


Be 
3. FUNCTION GENERATION 

A potentiometer can develop a nonlinear function of 
a mechanical or electrical input in addition to the normal 
straight-line characteristic. (A) and (B) show the me- 
chanical-to-electrical and electrical-to-mechanical con- 
versions, respectively. The requirements are similar to 
those for data conversion. Depending on the way the 
nonlinearity is developed, resolution may be a function 
of shaft position, in which case stability must be investi 
gated under worst conditions. In (B), servomechanism 
stiffness can vary according to the potentiometer 
gradient. Adequate stiffness must be achieved under 
the sloppiest conditions, while at the same time stability 


must be maintained at the other high-gain extreme. 
Nonlinear servo techniques ease the design problem. 


7. VARYING RESISTANCE 


When used as a variable resistance, constancy of total 
resistance and low contact resistance are important 
Resolution affects only the fineness of the adjustment 


4, TRIMMING 


Pots can be used to make circuit adjustments where 
normal variations in the system cause shifts in coli 
bration. Principal trimmer characteristics are precise 
maintenance of setting and adequate resolution to meet 
the finest adjustments required in an application. Where 
these units are used as variable resistance elements, 
rather than as straight voltage dividers, low-temper 
ature coefficient and low contact resistance are also 
necessary. Since trimmers are often used in electronic 
equipment, they are designed to operate at temper 
atures up to 350 F. Locking features are required to 
maintain the initial setting. Since accuracy is not a 
factor, they can be designed extremely small. Recent 
designs use metal films as the resistance element 


8. DETECTING SMALL MOTIONS 


Pots can be used to detect small motions in open 
and closed-loop systems. Typical examples are pres 
sure pickups, gyro pickups, accelerometers, and strain 
gages. Resolution and low noise level are principal fac 
tors, total resistance and accuracy less important 
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HOW TO SELECT A POTENTIOMETER 


I'he principal selection factors for resistance 
potentiometers are surveyed in ‘Table IV. In specific 
instances, as noted previously, certain of these selec 
tion factors are of prime importance, while others 
may be safely ignored. Awareness of the basic sys 
tem functions and use of the preceding tables assure 
a step by step sclection procedure, 


I STUDY THE APPLICATION—Examine the 
system and establish pot application similarity to 
one or several of the basic functions. 
reveal the key selection factors. 


This will 


I! ESTABLISH POTENTIOMETER TYPE 
Check ‘Table | of basic potentiometer types to deter 
mine the suitability of a resistance potentiometer 
Where special performance is required, ‘Table II 
will show which type resistance pot is best. 


Il PICK A RESISTANCE POTENTIOM 
E'TER—Based on required system performance, 
numerical values can be assigned to the key selec 
tion factors. This step requires a good understand 
ing of the relationship between these numerical 
values and system performance. 


TABLE IV CHECK LIST OF 


ELECTRICAL CHARACTERISTICS 
TYPE OF POTENTIOMETER—Check against availabl 


varieties of resistance potentiometers as listed in Table II 

LINEARITY, ZERO LOCATION, AND TRIMMING 
These relate to the problem of fitting the best straight 
line to the actual output curve of a potentiometer, Th 
best straight line is that which gives minimum error 
‘Trimming resistors in series (and also in parallel) with 
the potentiometer, and arbitrary choice of zero location, 
make this optimum fit. possible 
plishing this adjustment must be 
circuit design 

TOTAL RESISTANCE AND TOLERANCE—Total resist 
ance is related to heating and also to loading, since high 
resistance potentiometers can only be loaded by even higher 
resistance potentiometers, Unless the resistance of the 
loading pot exceeds the resistance of the loaded pot by 
at least a factor of ten, there is apt to be significant 
loading error. Thus, minimizing the resistance of the 
first pots in a chain is normal practice, Minimum resist 
ance is, however, limited by heating effects, and by the 
poor resolution of low-resistance units with their fewer 
turns of wire. Another significant factor is the frequency 
error resulting from stray capacitance that becomes effectiv: 
in high resistance circuits. In several-hundred-thousand 
ohm pots, errors due to stray capacitance can amount to 
several tenths of a per cent at 400 cycles 

CONTACT RESISTANCE AND NOISE GENERATION 
-Noise at the contact behaves like an additional voltage 
source and a variable resistance in series with the output 
lead. When a pot is loaded for use as a variable resistor, 
contact resistance may be extremely important. When a 
pot is feeding a high-impedance vacuum-tube circuit, noise 
18 less important but still significant, in that it may saturate 
the amplifier 
interference. 


Tolerances for accom 
specihed in the pot 


Also, excessive noise may generate radio 
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IV SELECT MODEL—Search the catalogs of 
companies manufacturing resistance potentiometers 
of the type selected, and choose a unit meeting the 
specifications. Since performance limits in the 
potentiometer field are being continually bettered, 
it may be advisable in the most stringent applica 
tions to consult directly with the manufacturer 


V REVIEW SELECTION FACTORS—Check 
the selected potentiometer against the complete 
list of selection factors in Table IV. ‘To the engi 
neering specifications must be added the ability 
of a manufacturer to deliver in production quantities 
according to specifications, the availability of addi 
tional sources, the previous successful application 
of the selected potentiometer type, et: 


COST—The cost of resistance potentiometers is 
related primarily to degree of standardization and 
volume of production. For general-purpose medium 
precision work, ten-turn potentiometers of approxi 
mately 1 13/16 in. diam, and single-turn units of 
2 to 3 in. diam are most economical. Less popular 
units, such as the zero-resolution or very-low-torque 
types, or special designs, can easily cost five to ten 
times the price of the general-purpose ones rim 
mer units cost roughly one-fourth the price of the 
low-priced potentiometers 


SELECTION FACTORS 


ACCURACY OF TAP LOCATION 


Where taps are used 
increase pot flexibility, tap location accuracy may be 
ignificant. This must be tied to a specific application 
RESOLUTION—In wire-wound pots (not slide-wire types 
the output varies in a step-like fashion with shaft posi 
tion as the wiper arm moves from one wire to the next 
his step-like behavior corresponds to infinite slopes at 
discrete points, which means infinite gain in a servo These 
points of infinite slope may become points of os illation 
when the unit is used in closed-loop systems, Resolution 
should be kept to a fraction of the allowable error 
GRANULARITY—This applies only to film-type 
tiometers, and corresponds roughly to resolution in wire 
wound units. It relates to the film’s crystalline structure 

TEMPERATURE COEFFICIENT OF RESISTANCI 
I'his is related to the tolerance imposed on total resistance, 
ince high-temperature coefficients cause total resistance 
to vary widely with temperature 


poten 


MECHANICAL CHARACTERISTICS 


Permissible environmental conditions 

Aging 

Life under required duty cycle 

Sensitivity to shock and vibration 

Required driving torque 

Physical suitability: size, mounting dimension 
ments, etc 

Useful angle of rotation 

Shorting 


or nonshorting characteristics of terminal 


MISCELLANEOUS FACTORS 


Cost 
Availability 


I xperience of others with this potentiometer 





DETERMINE THE BASIC POT FUNCTION IN 


10 TYPICAL APPLICATION CIRCUITS 


The following application circuits emphasize the purpose of the 
overall system rather than the potentiometer function. They are in- 
cluded to show how the basic pot function can be recognized in 
relatively complex circuits. Once the basic function is determined, 
the key specifications are apparent. 


1. CIRCUIT FOR DETERMINING TANGENTIAL CUTTING SPEEDS 
The table of a milling machine is being oriented by the 
motion of X and Y leadscrews to permit cutting a contour, 
such as a plate cam. The assembly of components delivers an 
output voltage proportional to the tangential speed of the 
cam-cutting operation. The squaring pots on the lead screws 
are function generators, with accuracy important but resolu- 
tion not a problem. The pot in the feedback loop is voth a 
function generator and balancing device. Both high accuracy 
and high resolution are required. Servo has variable stiffness 
as noted in section on basic system functions. 


2. ALTERNATE CIRCUIT FOR DETERMINING TANGENTIAL 
CUTTING SPEED 

In this alternate computational scheme, two trigonometric 

function-generating pots supply the nonlinear functions in 


lieu of the three squaring pots in the previous diagram. Since 
they are both in the loop, resolution and accuracy are prob- 
lems. Again, variable servo gain (depending on the magnitude 
of X and Y) is characteristic of this type system. An addi- 
tional linear pot is also required in the servo to convert the 
electrical signal, R, into a shaft rotation. 


3. TABLE-POSITION INDICATION 

Linear-motion potentiometers convert mechanical displace- 
ment to a proportional electrical signal. In this data-convert- 
ing function, accuracy is the problem, not resolution. 


4. TORQUE AMPLIFIER 

Differential potentiometer used for torque amplification. Mo 
tion of low-torque input (wiper) shaft produces an output 
signal, which, amplified, actuates the worm drive and delivers 
a high torque output. Performs a nulling function; pot accu- 
racy and total resistance unimportant, resolution critical. 
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5. REVOLUTION COUNTER 
Potentiometers for data conversion. The voltages from the 
four potentiometers indicate corresponding digits. In this 
application, the digital nature of the output minimizes pot 
requirements in general. 


6. LIQUID-LEVEL INDICATION 

Remote transmission of liquid level by means of potentiometer 
and de synchro. The basic function is angle transmission. 
Resolution is unimportant, and accuracy better than a few 
tenths of a per cent is unnecessary due to friction and in- 
trinsic system errors. 


7. HILO WEIGHT INDICATOR 

This arrangement is useful in repetitive industrial weighing 
operations. The pots in the control panel, preset to required 
limits, buck the transmitting pot coupled to the scale. Basic 
function is detecting small motions, so that the transmitting 
pot must have sufficient resolution to detect small variations 
from the preset nominal weight. Total resistance and accu 
racy are less important. 


8. THICKNESS GAGE 


Pot on conventional dial indicator simultaneously detects 
small motion variations, and remotely transmits them to an 
output meter. Transmitter pot must be of low-torque variety 
and have high accuracy. Accuracy of meter reading depends 
completely on accuracy of transmitting pot. Receiving pot is 
not critical. 


9. MEMORY UNITS 


Potentiometers, used here as memory units, serve as nulling 
devices. The input signal is switched in turn to the servo 
actuated bucking pots. These bucking pots thus “remember’ 
a uniformly spaced sequence of input signals, which, when 
applied to the computer, permit prediction of the input signal 
at some given future time. Accuracy and total resistance are 
unimportant, but resolution must be adequate to avoid servo 
instability. 


10. AIR-DENSITY COMPUTER 


Computer operates on the perfect gas law, uses two potentiom 
eters as variable resistors. Bellows-driven pot must be of 
low-torque variety and highly accurate. Balancing potentiom 
eter coupled to the density dial must have good resolution 
to avoid closed-loop instability. 





SPECIFYING THE POTS IN A TYPICAL 


A Description of the System — 

rhe system must develop an output voltage pro 
portional to temperature in the range 20 C to 80 C 
Ihe output voltage is for contro] purposes The 
circuit uses a self-balancing Wheatstone bridge 
with a thermistor temperature-sensing element 
Figure | shows the resistance variation with tem 
perature for the selected thermistor. Since the tem 
perature characteristic of the thermistor can be 
defined mathematically, this relationship (noted on 
Figure 1) can be used in the analysis of the system 

Because of the highly nonlinear character of the 
thermistor bridge, sensitivity will tend to vary with 
temperature. ‘To counteract this, the self-balancing 
bridge must be designed to maintain uniform servo 
stability at any temperature in the operating rang¢ 
rhe output voltage is to be zero at 20 C and 100 
volts at 80 C. Temperature measurement must be 
accurate within plus or minus | deg C, correspond 
ing to 10/6 volts at the output. In terms of output 
accuracy, this is a relatively crude 1 2/3 per cent 

\ schematic diagram of the proposed self-balancing 
bridge is shown in Figure 2. ‘This bridge contains 
three potentiometers, P,, P, and Ps, that must be 
specified. Figure 3 describes the mathematics of 
the system. For good bridge sensitivity with low 
voltage dissipation in the bridge elements, the 
general properties of a bridge suggest that 

Rk, = Ri =R 
| ; R sy — balance FIG. 1. Temperature characteristics of thermis 


tor, expressed graphically and mathematically 











As shown in Figure 3, the nature of the resistance 
temperature variation of the thermistor indicates 
that bridge sensitivity tends to decrease with increas 
ing temperature. ‘Thus, potentiometer P2, whose 
setting is a function of temperature, is included to 
compensate for this change in sensitivity and main 
tain constant gain as temperature varies. ‘This con 
stant gain will approximate the lower gain encount 
ered at the maximum temperature extreme, since 
P, cannot amplify, but can only attenuate. If R i 
much greater than R, and Roe at the higher tem 
perature limit, then the uncontrolled gain at thi 
point will be increased. ‘The reduction in gain at 
low temperatures resulting from a reduction in 
the inequality simply means less attenuation will be 
required of P» in this region. Thus, if R, is 156 
ohms at 80 C, a suitable value for R would be 
500 ohms 

Ihe system is simplest if P, is a nonlinea 
potentiometer with exact correspondence to R, (the 
thermistor resistance) as a function of tempera 
ture. Thus, shaft angle c will be a linear function 
of temperature, and Ps, the output potentiometer 
will be linear. There are advantages to selecting 
P, with the proper nonlinear function. Since out 


























put shaft angle and temperature are proportional 
servo stiffness (the error per unit displacement of 


the controlled shaft and temperature sensitivits VIG. 2. Schematic of self-halancing bridge 
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(the error per unit temperature change) are equal 
and (with the help of P,) constant. 


—and the Step-By-Step Selection of the Pots 
I—STUDY THE APPLICATION—In this step, 


specific potentiometer application must be com 
pared with the basic system functions. ‘This reveals 
the key selection factors. Table V summarizes this 
step for the problem at hand. 

Il—ESTABLISH POTENTIOMETER ‘TYPE 
Because the thermistor behaves as a pure resistance, 
the use of resistance potentiometers throughout is 
suggested. A check of. Table I reveals that the 
specialized characteristics of the nonresistive types 
are not required. A review of Tables II and IV 
indicates the following resistance pot types: 

P,—Large-diameter, single-turn, shunted-tap non 

linear pot required. Because of the high 
degree of nonlinearity, a combination of 
shunted taps and some other internally con 
structed nonlinearity may be required. See 
Table II. 

A single-turn, low-accuracy, nonlinear pot 
required. A shaped card will probably give 
suitable characteristics. 

A standard 4 per cent linear potentiometer 
suitable here. 

II—PICK A RESISTANCE POTENTIOM 
KT ER—Based on the above reasoning, the specifica 
tions are as summarized in ‘Table VI, 

IV—SELECT MODEL—The potentiometers 
defined by the above specifications do not represent 
extremes of performance, and suitable types can be 
ordered from a number of manufacturers. ‘Table 
VII lists TIC models that fulfill all requirements. 

V—REVIEW SELECTION FACTORS—A 
check of the selected potentiometers is made against 
the complete list of Table IV. 


Fig. 3. THE MATHEMATICS OF THE PHERMISTOR 
BRIDGE BALANCE 


Refer to Figures 1 and 2 for symbol definitions. In this analysis, 
the loading of the bridge by P. is negelected. ‘Then, by inspection: 


R R, , 
: » E/\ 
Ri +R Ri +R . 


For approximately balanced conditions, where R, = RK 


: R(R, — R, 
B/V- 384m 7" 
As R increases, it can be seen that E/V (sensitivity) increases to a 
limiting value of (R R.)/2. Thus, at high temperatures, where 
sensitivity tends to fall, it is advisable to specify R R,, Re. 
R. is the resistance of the thermistor, which is related to tempera- 
ture as follows: (See Figure 1) 


R, = Rr = Ryeo/T'7, 
l'o determine bridge sensitivity to temperature change, differentiate 
Ry with respect to T. 
dky 8 R,ebvT-1 r. Blt, 
dT T; i 
To determine the output for a small change, dT, 


rewrite the expression for k as follows: 


RdR BR, , 
dk d(E/\ = 55 R dk, 2 dT, and therefore 
ai\it i : 


in temperature, 


dk RBR 
dT 2(R, — R)T? 


This shows the variation of output voltage with temperature 
change, and is a measure of sensitivity. Sensitivity decreases con- 
tinually with increasing temperature, as noted above. The gain con- 
trol potentiometer must vary its attenuation as a function of tem 
perature (or shaft angle c) in a reciprocal manner, to insure uniform 
temperature-insensitive loop gain. Thus, the ratio of electrical out- 
put to mechanical input for P, must vary as 


2(R;, R)T? , 
where 
BR, ’ . 
R f(T) 
At very low temperatures where R, approaches infinity, the output 
impedance of the bridge as seen at P, approaches 250 ohms. Load 
ing will be no problem if P, is assigned the convenient value of 

5,000 ohms. 


f(c); R and @ are constants 


TABLE V STUDY THE APPLICATION AND DETERMINE BASIC POT FUNCTIONS 


POTENTIOMETER BASIC SYSTEM FUNCTION 


KEY SELECTION FACTORS 





P, “ Boloncing, 


Balancing 
Potentiometer 


resistance variation, 
and function generation 


Good resolution required since it is in closed loop. Resistance accuracy must correspond 
to well under the equivalent of | deg temperature change, if overall | deg C accuracy 
is to be maintained. Because of nonlinearity, resolution may be poorest at high tem- 


perature, where rate of change of resistance with shaft angle is minimum. (This de- 
pends on method used to achieve nonlinearity.) Resolution at maximum temperature 
should exceed accuracy requirement by at least a factor of two. Contact resistance 
must be kept low because of variable resistance aspect of application. 








P, Function generation 
Gain-Control 
Potentiometer 





Noncritical, since it merely adjusts loop gain. Resistance variation with shaft angle 
should maintain loop gain independent of shaft angle. Resolution is also unimportant. 





P, Data conversion 
Output 
Potentiometer 





Resolution requirement must be merely adequate to insure accuracy, since there is no 
closed loop in the mechanical-to-electrical data conversion. Since overall accuracy is 
plus or minus | deg C, pot accuracy of plus or minus '/, deg C is adequate (corresponds 


to about 0.4 per cont) 
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TABLE Vi ESTABLISH POT SPECIFICATIONS 


P lotal resistance 964 ohm Must be capable of P, Woiresvound pot, used as a voltage di uler, 1 
matching thermistor resistance characteristic t quires less degree of nonlinearity than P,, Con 
within a fraction of the ohmic equivalent of 1 deg formity of plus or minus 5 per nt should be ack 
C at all temperatures in the range 20 C to 80 ¢ quate. Figure 3 suggests a resistance of 5,000 
Contact resistance must not exceed a few ohm ohms. Manufacturer tandard tolerance of plus 
since unit is used as a variable resistor. A singl x minus 5 per cent total resistance satistactory 
turn nonminiature pot shoukl provide adequat \ standard single-turn 4 per it pot is required 
resolution for this medium precision application Since the unit must be capable of dissipating heat 
I'he total resistance of the purchased pot, and the corresponding to 100 volts, the lower limit of per 
required precision, must be related to the method missible resistance is established power rating 
of achieving the nonlinearity and the technique lhe usual 5 per cent tolerance on total resistance 


for trimming uitable. Resolution is noncritical 
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TABLE Vil SELECT COMMERCIALLY AVAILABLE MODELS 


POTENTIOMETER TIC MODEL NO. DESCRIPTION 
P, RvC2* 2-in. precision pot, with three equally spaced 
taps for shunting resistors to approximate 
nonlinear functions. This unit has uniform REFERENCES 
resolution, and since loop gain is kept con 
stant by P,, stability should be no problem |. PRECISION =POTENTIOMETERS 
Contact resistance is a fraction of an ohm AND NOISE, J. R. Altieri, presented 
‘ : : it All | nect in amtor N j 
The servo-mount construction is well suited April 19 
for integration in the closed-loop assembly CHARACTERISTICS OF PRECI 
2-in. general-purpose pot with shaped cord SION SERVO COMPUTER POTEN 
for achieving the nonlinear function PIOMETERS. PD. ¢ Duncan, pre 
2-in. general-purpose precision pot with nted at AIKI iference on | 


! 


standard '/, per cent linear output wk Control § Atlantic City 
N. J., Decem 
DEVELOPMENT Ol POTENTI 


*Generates nonlinear functions with shunting resistors between the fixed terminals and OMETERS, L. E. Packard, presented 
three equally-spaced taps, Figure 4. This figure shows that optimum adjustment of shunt it AIEE. mect Binghamt a, N. ¥ 
resistors to give equal plus and minus errors permits pot to generate nonlinear curve April 19 
For greater accuracy slight intrinsic nonlinearity con be designed into the pot. 11C =POTENTIOMETER HAND 
BOOK pub h lechnology Instru 
nent Corp., Ja 1954 
DESIGN AND CONSTRUCTION 
OF UNIVERSAL FUNCTION GEN 
LE RATING POTENTIOMETERS 
T G. A. Korn Ik f Scientific In 
trument Ja } l 
PHE MEANING AND INTERPRI 
PATION OF LINEARITY OF PRI 
CISION POTENTIOMETERS, ]. B 
Altieri, Lab. report N riC, Acton 
Ma 
HERE'S A SHORTCUT IN: COM 
PENSATING POT LOADING ER 
RORS J (, t Control bkngineet 
ng bhebruat March 19 
REDUCING POTENTIOMETER 
LOADING ERROR, F. EF. Dole, “R 
of Scentil Irist nent Ma 


FIG. 4. Nonlinear potentiometer curve obtained from tap-shunted 
pot. Matches thermistor characteristics by a series of straight lines 
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THE GIST: Automatic control systems main- 
tain the output, or controlled variable, at a 
constant value. The controller can have a 
variety of responses in it to provide the de- 
sired startup characteristics, stability, and 
speed of recovery after a disturbance. These 
points were covered by Zoss and Coon in 
previous articles on process control. 

Proper choice of the control arrangement 
improves the performance of the control sys- 
tem. If this arrangement involves the adjust- 
ment of the set-point of the controller in a 
centrol loop by means of another measured 
variable, it is called CASCADE CONTROL. 
The type of cascade control system consid- 
ered here is one where the two measured 
variables are related though the process. By 
block diagrams and transfer functions of the 
system's elements, cascade control systems 
can be analyzed to show how much they im- 
prove control of the process. 
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est a 

FIG. 1. Typical cascade control system on a stripping column. 
This system needs one control loop to control the flow of 
steam and another to control the temperature in the column. 
But because the temperature in the column depends on the 
flow rate, the output of the temperature controller is used to 
adjust the set-point of the flow controller and thus keep the 
heat input under better control. 


Cascade control is a special arrangement in closed 
loop control, in that the set-point of a controller 
controlling one variable is adjusted or modified by 
means of another measured variable. Many processes 
contain one or more variables that are related to the 
primary control variable. Better control of the 
primary variable can usually be obtained if one of 
these secondary variables is used to control the input 
to the process. ‘The set-point of the related variable 
controller is then adjusted by the primary controller 
to form a multiple-loop cascade system 

As an example of multiple-loop cascade control 
consider the stripping column shown in Figure | 
Here, the heat input at the bottom of the column 
must be steady for best operation. ‘The flow con 
troller maintains a constant heat input to the column 
and forms the first control loop. However, the set 
point of this flow controller cannot remain fixed, 
because the flow must be changed if the tempera 
ture in the column changes due to a fluctuation in 
feed. This calls for another controller and a second 
control loop that responds to changes in column 
temperature at point C,. The output of this con 
troller adjusts the set-point of the flow controller so 
that the flow rate increases with a falling column 
temperature. | he temperature in the column, 
closely related to the quality of the product, is the 
measurement made in the primary control loop Ihe 
secondary loop comprises the flow control loop. The 
temperature and flow are related through the trans 
fer functions of the process 
















































































iG. 2. Figure 2A, the jacketed 
kettle and its control arrange 
ment. This is another example 
of multipleloop cascade control. 
Figure 2B, the equivalent 
block diagram that aids analysis 
of system performance. 


Figure 2A shows the equipment arrangement for 
control of a jacketed kettle Here, the 
internal kettle temperature, which is of primary 
importance, is measured and controlled by adjusting 
the set-point of the spray-water temperature con 
troller. ‘The equivalent block diagram in Figure 2B 
shows that this is a multiple (2) closed-loop cascade 
system 


cascade 


hus, a two-loop cascade system consists 
simply of a primary closed loop and a secondary loop, 
but with automatic means for adjusting the 
secondary controller's set-point. Here again this 
view enables analysis of performance by the usual 
transfer-function methods 


ANALYZING CASCADE SYSTEMS 


Multiple-loop cascade systems provide certain 
advantages not offered by singleloop systems 
Analysis will show that multiple-loop cascade control 
> reduces the effect of disturbances 
P increases the natural frequency of the system 
P reduces the eftective 
constants 
Other advantages, not detailed in this article 
P adjustment and control of the primary variabl 
impossible in some control systems without cascade 
control 

P provision in the secondary-loop controller for high 
ind low limit stops to prevent undesirable effect 
produced when the variable 


magnitude of some time 


secondar\ exceed 


these limits 















































Ihe advantages of cascade control can best be 
shown by comparing the performance characteristics 
of a cascade system with those of a less complicated 
single-loop control system on the same process 
Singie-loop control on the stripping column shown 
in Figure 1 would have a single controller which 
responds to the temperature in the column and 
adjusts the steam-supply valve directly. Similarly, a 
controller actuated by the temperature measurement 
in the jacketed kettle shown in Figure 2A would 
adjust the contro] valves 


Single-Loop Control Systems 


The block diagram for a single loop control system 
is shown in Figure 3. ‘lo minimize unnecessary 
complications in the analysis, the proce is con 
sidered as having two parts, each with a separate 
transfer function Gs, and G, which are noninteract 
ing. ‘Temperature transmitter H, measures the con 
trolled variable c. r is the set-point for the con 
troller G, and u is a disturbance introduced between 
the output of the controller and the input to the 
process. ‘This disturbance could be a variation in the 
controlling material passing through the 
valve The set-point of the 
for the desired value for « This control system 
maintains the primary variable c at th 

rhe transfer function of this closed loop between 
set-point 1 and the controlled variable c describe: 
their dynamic relationship and 


contro} 


controller 1 idju ted 


ct point I 















































Fig. 6 

















































































































{Output Feed Forward Transfer Function 
Input 1 + Feed Forward Feed Back 


OGM | GOGH, 
1+ GGGdA, HW, 1460049 

Now consider a disturbance u between the output 
of the controller and the input to the process clement 
G,. The transfer function for the closed loop where 
u is the input will describe the effect of the dis 
turbance on the primary variable c. Rearrangement 
of Figure 3 into Figure 4 simplifies this analysts, and 
the resulting transfer function in this case is 


, GGGAH, 
u GH, i+ GGGd, 


I'he set-point reference to disturbance ratio, 


G, 
o/u 
shows that single-loop control favors maintaining 
the controlled variable at the set-point, following a 
disturbance at the place indicated, by a factor G, 
lhe extent to which disturbances are rejected by this 
system will depend on the proportional gain setting 
of the controller G, when it is adjusted for optimum 
stability. 
I'he time required for the system to recover after 
a disturbance varies inversely with the natural fre 
quency of oscillation of the system. If we assume 
the following transfer functions: 
G; k; 
G hs 
+ Tsp 
ke 
1 + Typ 
Hh, ky 
then the open-loop zero-frequency gain 
hi kkghy; K> 1 
he undamped natural frequency of the single-loop 
control system is 
l Ts 4 T, 


f,,(s rle-lox ) ; (4 
—ow ie are 


when the system is adjusted to have a damping 
factor D 
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set-point for controller in single control loop 
controlled variable in single control loop 
set-point for primary control loop 
controlled variable for primary control loop 
set-point for secondary control loop 
secondary controlled variable 

disturbance 

primary controller 

secondary controller 

part of process 

part of process 

primary variable measurement 

secondary variable measurement 

frequency variable, 2rf 

time constant 

open-loop zero-frequency gain 








Multiple-Loop Cascade Systems 


The primary objective in using multiple-loop 


available 


control is better control than 1s 
from a single-loop control system 


Cas vcle 
bigure shows 
the typical block diagram of the multiple | 


cascade system I'he 


= 
+ 


loop 
reasons for using multiple 

2) loop cascade control rather than single-loop 
control are to obtain 
P a closed loop, c/r zero-frequency gain closer to unity 
Pa higher natural frequency 
> smaller effects of disturbances 

lo find the closed-loop transfer function c,/r, for 

the system in Figure 5, the transfer function for the 
secondary closed loop must be found first and then 
replaced in Figure 5 as a single block. Since the 
secondary closed loop is of the same form as the 
single closed loop of Figure 3, its transfer function 
will be similar, and in this case becomes 


¢ l 
ry H ! 


GOGH 
GOGH 


(; 


Therefore Figure 5 can be redrawn, as in Figure 6 
to show the substitution of the secondary closed loop 
by its equivalent block, Gs 

I'he transfer function of the complete system that 
can now be found from Figure 6 describes how 
closely the controlled variable c, holds to the set 
point rm. ‘Thus 


Cy l s 
ry H | 


OGGdH, 
GGGAH 


i) 


Replacing the secondary loop by a single block 
is permissible only if the secondary control loop i 
stable by itself when disconnected from the primary 
loop. It is possible in multiple-loop cascade control 
to obtain stability even though the settings of th 
secondary-loop controller are so adjusted that the 
secondary-loop itself is unstable. But if the cascade 
connection is broken, as it must be in industrial 
process control systems when manual control i 
required for startup and emergencies, then unstable 
performance within the process results, because only 
the secondary loop controls the output variable 
I'his is unacceptable for plant operation 

Ihe transfer function of controlled variable to 

























































































disturbance can be found by rearranging Figure 5 
to that of Figure 7, which shows the disturbance u a: 
Lhis block diagram 


primary and a secondary loop vhich means the 


the input tains, again, a 


secondary loop can be replaced b i ingle block by 
In this 
it is substituted imto h igure 


finding its equivalent transfer function, Ge 
case Ge equals G>;/Gz; 
7 to vield Figure 8, which aids in finding the required 


inal blo k 


transfer function in terms of the on 


l 
u G,GH 


lhe command to disturbanc« 


(iG 


‘ 
he undamped natural frequen 


l 
in D 


cascade 
shows that cascade control favors holding the con 
trolled variable at the set-point, following a disturb 
ance at the place indicated, by a factor G, G lhe 
proportional gain setting in the controller G,, used in 
the multiple system, is not the same value as that 
used in the single-loop case. But since G, Gy is larger 
than the G, in the single-loop system, the variable 
responds less to a given disturbance when con 

trolled by the multiple-loop system 


Raises Natural Frequency 


\ high natural frequency of llation follow 
ing a disturbance speeds recovery of a stable 
back to its set-point Under 
requirements this takes 


1 control 


system 
stability 
24 to 3 evel Thus 
system with a high 


practical 
about 
atural frequency 
recovers in shorter time 

When a process can be represented by two mayjot 
time constants, the relative increase in natural fre 
ontrol over that 


omputed from the 


quency of oscillation due to cascade 
of single-loop control can be 
following relationship 

I, cascack 


J, (single loop 



















































































RAISING NATURAL 
FREQUENCY 
SPEEDS RECOVERY 


FIG, 9. For a two-time-constant system 
represented by 'T, (in the secondary loop) 
and T,, and by a gain K in the secondary 
open loop, the ratio of natural frequencies 
between a cascade system and a single-loop 
increases as I’, decreases and the gain, K 
increases. 


’ 


whiere 

T4/T5 ratio of time constants in a two-time 
constant process and where, in multiple-loop con 
trol, Ty is in the secondary loop. 

K gain at zero frequency of open secondary 
loop in the multiple-loop system and is considerably 
larger than unity. 

Both systems are adjusted to have the same damp 
ing factor. 

igure 9 shows the plot of the above equation. 
Note that the natural frequency of the multiple 


loop system increases over that of the single-loop 
system when the gain of the secondary open loop 
increases, and when the time constant in the 
secondary loop is small compared with the other 
time constant in the system. 


Reduces Time Constant 


Because the time constants in the transfer func 
tions for the various elements in a control system 
affect the natural frequency of the system, it is diffi 
cult to claim an increase in natural frequency and a 
reduction in effective time constant as two independ 
ent advantages of a multiple-loop cascade-control 
system, 

However, closing the control loop around an ele 
ment effectively reduces its time constant. As an 
example of this, reconsider the secondary loop of 
igure 5 that was replaced by its equivalent single 
block Gy in the primary loop. Suppose the element 
Gs in the secondary loop has a transfer function 
ks/] + Typ), and the zero-frequency secondary 
open-loop gain, K, is somewhat greater than unity. 
The secondary closed-loop transfer function now is 

o . “ . . a; Ty" 
: Tp + Tsp 
K 


Thus closing the loop around the element reduces 
the time constant by a factor equal to the zero 
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frequency open-loop gain; that is, Ts 


equals T'3/K 


Conclusion 


Cascade-control systems can provide better con 
trol than is obtainable with single-loop systems 

|. The effect of a disturbance in the process is 
least when it is included in the secondary loop 
When attempting to improve the performance 
of a control system, one recognized rule is to 
reduce the size of the second largest lag in the 
system. When considering a cascade-control 
system, attempt to close the secondary loop 
around the second largest lag. ‘his has the 
affect of reducing the lag to a smaller value 
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MICROANMMETER 
MILLIVOLTMETER 


Measures low-level de signals with calibration accuracy 
within 0.5%, and sensitivity within 0.2% of span. 
Records on 3” continuous strip chart or IBM-type card 
chart, with linear coordinates. 

Positions recording pen with force many thousand 


times greater than usual direct-deflection 
movements. 


electrical 


Operates on force-balance principle compensating for 
ambient conditions, changes in power supply and com- 
ponents. 


Gives high-speed recording — up to 0.05 seconds for 
63% of fullseale changes. 


Provides span and zero adjustments for ease of calibra- 

tion and zero suppression in the field, without special 

equipment. 
The new ‘American-Microsen’ Series 130 Re- 
corder is a highly sensitive microammeter or 
millivoltmeter that gives positive, accurate elec- 
trical measurement and rugged, maintenance- 
free service. Yet the unit costs less than other 
recorders for the same purpose. 


Heart of the Series 130 Recorder is the “Micro- 





sen” balance that converts low-level de input 
signals into powerful output current to drive the 
recording pen. Pen position is fed back to the 
input. Consequently, the recording unit is force- 
balanced in precise relationship with the input 
signal. Power is ample to operate alarm contacts, 
which are available. 


SPECIFICATIONS 
POWER SUPPLY: 115 volts, 60 cycles. POWER REQUIREMENT 
INPUT RANGES: Voltage — 0-20 millivolts to 0-100 vo 


microamperes to 0-100 milliamperes dc. input 
voit 


ACCURACY: + 0.5% of span. SENSITIVITY 
+ 0.25% of span 
EFFECT OF SUPPLY VOLTAGE: Less then 0.5 


EFFECT OF AMBIENT TEMPERATURE 
and less than 1% to 130° F 


RESPONSE TIME: Fast Speed — 0.2 seconds standard for 63% of fullecale 
input change; up to 0.05 seconds for 63% on special order. Slow Speed 
approximately 4 times fast speed setting 


SHOCK RESISTANCE: Withstands shock up to 40 t 


CHART SPEEDS: Strip Chart 1” per hr., standard; 3” or 6 
able. Card Chart . 1 rotation per day, standard 


SPAN ADJUSTMENT: + 10% ZERO ADJUSTMENT 
PRICE: $250.00 consumer net for standard w 


9 watts 
ts dc 


Tonsitivity 


Current — 0-200 
6700 ohms per 


of span. REPEATABILITY 


error 90-130 volts 


Less thar » error 50° to 100° F 


S gravity 


per hr. avail 


of span © 100% of span 


Write for Bulletin MG10 


MANNING, MAXWELL & MOORE, INC. 


MAXWELL 


IM 


A| ELECTRO-PNEUMATIC VALVE POSITIONERS AND ELECTRO-HYDRAULIC CONTROL 


TRADE Maan 


MAKERS OF ‘AMERICAN-MICROSEN’ ELECTRONIC TRANSMITTERS, 


INDUSTRIAL CONTROLS DIVISION, STRATFORD, CONNECTICUT 


INDICATORS, RECORDERS 


VALVE OPERATORS 
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5 cement enen 


limitless 





as the future of UNIVAC. 


When planning your future, it is necessary to Now is the time to come to Univac where am- 


choose that company which presents the most bition and professional skill find their reward in 





complete program for you. The opportunity at 
Remington Rand Univac can only be limited by 
the individual. Excellent salaries, benefits and 
educational programs are yours to guarantee this 
limitless future. 


At UNIVAC you will be working with men who 
developed much of the basic knowledge of com- 
puters—who designed and produced components 
being used by the manufacturers in the field— 
who set the standards that the others follow. 


Send complete resumé to 


limitless opportunities in an expanding organiza- 
tion. 


Immediate openings for: 
FIELD LOCATION ENGINEERS with a college de- 


gree in a scientific or engineering field and experi- 
ence in electronics. Extensive electronic back- 
ground may substitute for some college. Many 
opportunities for rapid advancement. 

FIELD LOCATION TECHNICIANS Technica! school 
background and preferably some experience in 
electronics. These positions can lead to full en- 
gineering responsibility. 


Hlomington. Fland Univac. 


DIVISION OF SPERRY RAND CORPORATION 
AT ANY ONE OF THESE THREE PLANT LOCATIONS 


MR. D. A. BOWDOIN 
Dept. MP-7 


2300 W. Allegheny Ave. 


@ Registered in U, S, Patent Office Philadelphia, Pa. 


MR. KURT PINKE MR. FRANK KING 
Dept. MS-7 Dept. MN-7 


1902 W. Minnehaha Ave. Wilson Avenue 


St. Pauw! W4, Minn. Seuth Nerwalk, Conn. 





srarral. appucanen eames Ie _ 


Let's Look at the 
Available Business-Data Processors 


The possibility of making a selection from a range of suitable business- 


data processing systems is just now approaching. At present, you can almost 
count on both hands all of the electronic data-processing systems that are 
successfully achieving the purposes for which they were obtained. But this 
situation is changing rapidly. Papers describing successful applications are 
beginning to appear at computer and management society meetings. Some 
data processors intended for business problems are actually handling more 
scientific calculations; others have proven unsuccessful, either because of 
incorrect application, insufficient capacity, or lack of user acceptance. 
Many thousands of words have been devoted to systems that are in the plan- 
ning stage, or at most have a very few field installations, the latter usually 
still being programmed or debugged. 


Author Gibbons steps into this maelstrom to bring you up-to-date on the 


currently available and planned data processors. He lists the characteristics 
of these systems, and points out those characteristics that are important in 
business applications. The availability of electronic equipment is affecting 
the organization of business operations, and, in turn, the demands of certain 
business operations are steering the design of current and future processors. 
Gibbons discusses areas affected by this inverse “systems” approach, where 
both process organization and processor design must give a little to yield 
optimum results. The flow diagram and detailed program steps for an inte- 
grated inventory control system are included to give a sense of reality. 


JAMES GIBBONS 
Price Waterhouse & Co. 


Today, with systems specialists 
analyzing and evaluating data-process- 
ing equipment for a myriad of specific 
clerical applications in various com- 
panies, and with the equipment itself 
ranging from an abacus to a NORC, 
it is important that these devices be 
defined and classified. Fortunately, 
definitions have recently been pro- 
vided, which, if not scientifically pre- 
cise, at least bear the unmistakable 
stamp of authority. In a recent court 
finding’ a tabulating system is de- 
fined as “. . . any group of machines 
capable of entering, converting, re¢ 
ceiving, classifying, computing, and 


recording alphabetic and/or numeri 
accounting and/or statistical data by 
means of tabulating cards, and in 
which tabulating cards are used for 
toring data and communicating it 
within the system . ". On the 
other hand, an electronic data-proc 
cessing system “ shall mean any 
machine or group of automatically 
intercommunicating machine units 
capable of entering, receiving, storing, 
classifying, computing and/or record 
ing alphabetic and/or numeric account- 
ing and/or statistical data without 
intermediate use of tabulating cards, 
and which system includes one or 
more central data-processing facilities 
and one or more storage facilities and 
has cither 


the ability to receive 
in the torage 


the instructions for the 


ind retain 

facilities at least 
ome ol 

data-processing operations  re- 
quired 

means, in association with stor- 
age inherently capable of 
receiving and utilizing the alpha- 
betic and/or numeric representa- 
tion of either the location or 
the identifying name or number 
of data in storage to control 
access to such data, or 

. Storage capacity of 1,000 or more 
alphabetic and/or decimal nu 
meric characters or the equivalent 
thereof : 

These definition 


imply several 
things. First, any 


ystem depending 
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TABLE 1 


CHARACTERISTICS OF 





MANUFACTURER 


Lease 
Availability or 
Purchase 





CENTRAL 


Capacity A—Alphanumerical 
in 


Characters N—Numerical 


UNIT 
Total Number 
of Stored 
Instructions 





BURROUGHS CORP 


DATAMATIC CORP 


ELECTRODATA CORP 


ELECTRONICS CORP 
OF. AMERICA 


INTERNATIONAL BUSINESS 
MACHINES CORP 


DIANA 


LABORATORY FOR 
ELECTRONICS, INC 


Current 


2,640 





Planned 


Current 


Current 


Current 
Superseded 


Current 


Planned 





MARCHANT RESEARCH, INC MINIAC 


MONROBOT CORP Monrobot MV 


MOUNTAIN SYSTEMS, INC 
NATIONAL CASH 
REGISTER CO 


RADIO CORP 
OF AMERICA 


BIZMAC 


UNIVAC 


File Computer 


REMINGTON RAND 
DIVISION OF UNIVAC | 
SPERRY RAND 


TELEREGISTER CORP Reservisor 


Elecom 125 
UNDERWOOD CORP eiiin 


Elecom 50 


Current 


Planned 


Special 
order 


Details not 
available 


Current 


Current 








20 


180,000 


20,000 





10 
20,000 





40,000 





10,000 + 
4,000 


t 
J 








Current 


Planned L/P 


4,096 x 10 


4,000 





120,000 





External 


4,080 


Fixed, 
10 Keyboard 
entries 


2,000 
2,000 — 
4000 


4,000 — 


Fixed 
Internal 





4,096 + 
32,736 





10,880 


990 





12,000 


2,000 





24 
120,000 


4,000 — 
10,000 





Special 
order 


45,000 


Fixed 
Internal 





Current 


Current 


10-100,000 


1,000 — 10,000 








500 


External 





*Price Code 


L — Under $100,000 
M — $100,000 to $1,000,000 
H — Over $1,000,000 
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BUSINESS-DATA PROCESSORS 





MAGNETIC TAPE UNITS 





Instruction miles — Vaximum Xo. Forward Rewind Recording 
ae / of Units, Speed, Speed, Density, 


Type, : he 
Address Medion — On-Line in. per sec in. per sec char. per in 





Recording Mode, 
FW—Fixed word 
VW—Variable word 
FB—Fixed block 
VB—Variable block 


4 


















































Any 
number 





24 








Any 


um ] 
Drum 2s number 





Drum nf None 
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TABLE 1 


(continued ) 





PERIPHERAL EQUIPMENT 





Punched Cards 


Paper Tape 


High-Speed Printer 





Input 


Output 


Input 


Output 





On- 
Line 


Off. ed, 
Line ton 
per min 


On- 
Line 


Off. 
Line 


Speed, 
char. 


per sec 


On- 
Line 


Off. Speed, 
Line char. 
per sec 


On- 
Line 


Lines On- Off- 


per 
min 


Line Line 





E 101 


x 





DATAmatic 1000 





Datatron 





Magnefile-F 








702 





705 





DIANA 





MINIAC 





Monrobot-MV 





Modac-404 





304 





BIZMAC 





UNIVAC 
File Computer 





UNIVAC | 





UNIVAC II 





Reservisor 





Elecom 125 





Elecom 50 
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OTHER FEATURES 





Plugboard programming 





g simultaneously at up to 


searchin 





multiple tape bins available: provide 


200.000.000 char. in tape rapid access storage 





special Keyboard input 





60 word core memory 





Magnetic drum auxiliary memory 


Tape Record Coordinator, Tape Data Selector 
magnetic drum auxiliary memory 


Bulk drum storage up to 71,400,000 char 


Tape capsules prepared by special typewriter are 


basic input and output 








nterrogation unit, photographic 


Tape sorter 
output printer 


Multiple drum memory up to 1,800,000 char 





Simultaneous read, write and compute 


circuitry; tape verifier 


duplicate 


Same as UNIVAC | 





Special keyboard—display units for input-output 


File processor (sorter and collator); fixed pro 


gram and 60 in per sec tape speed 





Drum used as series of accumulator registers 


programs stored on embossed plastic tape 





m tabulating cards for data storag« 
ind communication is not an elec 
tronic data-processing system. Second, 
an electronic data processing system 
consists of automatically intercom 
municating machines And third, an 
electronic data processing system proc 
esses accounting and statistical data 
Ihe attributes of  business-data 
p-ocessing have alre iy been assessed 
public 


bu iit 


in this series and in othe 
tion In 
operations that can best be handled 
by electron 


revicw those 


data-processing systems 
ire characterized by 
© large 


either active or in file form 


volumes of information, 

© considerable editing and transfor 
mation of this information 

P relatively 
logical manipulation 

© more or k cheduling of 
perations to mi t cvcli 


heavy omputation or 
fixed 
processing 
| 
demands 
Conversely, 


data-processin quip 


ment imtended for busine ipplica 


tions must have the abilit 
vith the 
lists the 


d 
processors ind those of thei yabili 


characteristi 
commercially vail b' ita 
ties that are important in data-pro 
ng ipplic ition 

Krom the user 

tment in data-proce 


iewpoint, an im 
ing Cquipin nt 
must lead to economic benefits. There 
fore it should be possible to blish 
1 figure or price range that represents 
the amount available for acq ng a 
1ew data-processing tool. Virst, deter 
mine the cost of present oj ion 
considered to be within th ope ol 
the data-processing application. ‘J 
estimate the anticipated et (1 
present methods and ¢ 


hen 
vith 
juipment ol 
performing additional desirable fun 
tions and of providing for the future 
growth of present operation Th 
um of these two cost epresents the 
total amount available for replacement 
partially How 
must be reduced by 
ome portion of the cost of planning 
ind installing the new ystem ind 
from the 
yortion depends on thi 
of handling the 


of a methods and p ocedure 


either wholly or 


ever, this figure 


onverting 
dure The 


individual techniqui 


present proce 


expe nscs 


organization, and of accounting fo 


physical modification to plant and 
equipment 

But thi reduced 
ludes the anti 
in be estimated by « 


hgrure till in 
pated saving vhich 
iluating vari 
mus type f equipment and method 
Deducting th 


ing Ie ive 


inticipated dollar sa 
) remainder representing a 
price tag or price range for a new data 
ing system. The 
in then bi 
i) basi 


not be beguiled by the power of 


pecific equip 
hosen on a sound 


ind the potential user 


the larger systems or the pa f th 


smaller onc 
Thus, the 


data proces 


for classifying 

lable | 
gives no CXa igi ince the price 
of complet cms vari with the 


number of units and the 


peripheral 
equipment. Rather, the table classihes 
the data proc Ol in on ot three 
Generally speaking, the 


lower and 


price range 
lower-priced units are the 
less flexible Th high 
includes equipment 
usually over 10,000 alpha 
betic character with 
flexibility in handling vanous input 
output unit hese are: DATAmatx 
1000, IBM 7 md = =705 RCA 
BIZMAC, and Sperry Rand UNIVAC 
I and Il, The 
cludes the large 
machines with magnetic tap 

While the primary classification 1s 
by price, this still dow 
real light on th 
unit 1 competitive cdge 
feature 


category 
using magneti 
core storag¢ 


considerable 


medium’ range im 
oup of drum storage 


units 


not throw any 
unique features that 


Rive Variu 


These 


1. Internal Storege Capacity (not tape) 
bile DTA ‘ 


iti luce 


2. On Line Operation of Input-Output Units 
1M 70 
lp t ) sdditiona 


4 t | it di ‘ 
3. Variable Record Length (tape recording) 
RCA BIZMA‘ 
IBM 70 ut ‘ 
4. Variable Word Length 
RCA BIZMA‘ 
lher i t 
haracterist 
that must 
term ot p 
item ire ! variou 


iluated in 
ipplications. ‘Typical 
mstruction 
repertoire 1 iddre tem 
BIZMAC 
does not pr i divide mstruction 
et th 


to do divi 


lor example ( cl 


machi can be programmed 
repetiti ( ubtrac 
of this eq 
realist 

’ 


iced equipment ost 


tion The cd wunment 
felt that thi 
in terms of re 
due to the inf 
instruction 
Checking 
feature that hy 
1 number of different wa 


ipp Ou h 


equent use of division 
problem 
nother valuable 
iC omphi hed it} 
While 
ome systems offer more checking fea 
tures than ot! the value 
of the check nust be measured in 
terms of e1 babilities and risks. 
Having looked at most of the avail 
ible vstem i i 
consider thes tems im the light 
of the desirable features of the three 


md cost 


nov po ible to 
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2s | G 
computer |” \ 


| 
| 
— | 
Read-in 
input 
tope 


Magnetic 
tape input 
dota (issues, 
receipts and 
contracts) 


Sequence 
by stock 


input number 


a, ) Updated 


os B, tape 
4 , Daily 
record 
| \D6 VA ] tape 
[oe] 


i computer r / 
| ey C }——— * 
} J / 
(6, of oo Items 
‘ ontroc with 


— nformation bock 


orders 


x 


A oe 
Z 12 


file 
processor 


Collate D 


and A», 


THE DETAILS OF AN INTEGRATED 


FIG. 1 


THE FLOW DIAGRAM 
w 


on 12 
A >< file 


tiie 


125 
file 


\_ processor \. processor 


. eae 
SS 


Master file 
J less selected 
- items fn 


on 
~ 
6 e . 
~ processor ~ 


Master ~ 
file doto 
for input 


Select from an 


master file 


\ 


Select 

items 

perto ning 

to receipts 
and contracts 


using A,) 


2) 


wir 
Jo 


125 
file 
/ 
processor ~ 


Mir 


A _ 


196 ‘ 
a ) ~~ 


Back orders 
the! cannot 
file 


processor - 


a . >« 
J / ae) 
A re 
~ UD, -—-P< 
Select / 


file 
Sequence by 
requisition bock 

number orders 


processor 
Back orders 
that can be 
filled 


of 
Sequence 
by stock 
n umber 


\ Updated B, tape 


) Nor 


25 | yi 


file 


selected items 
processor 


Collate B, 
ond By ond 
select A», 


iy ih 


</ 


Updote £ 
using A, 


THE BASIC TAPE FILES 


. MASTER INVENTORY FILE; 5,000 items sequenced by stock num- 
ber, four blocks per item, on 36,000 in. of tape. 
a. Designator block: stock no., etc. 
b. Trailer block 1: packing information, etc. 
c. Trailer block 2: back orders, amounts, requisition no., etc. 
d. Trailer block 3: contract data, date due in, amount, etc. 
. BACK ORDER FILE, sequenced by requisition number. 500 back 
orders at 220 digits each. 
. ADDRESS FILE, names and addresses, shipping instructions, etc. 
. CONTRACT FILE. 


THE INPUT DATA 


. ISSUES: 400 items per doy, 220 digits each. 
2. RECEIPTS: 50 items per day, 100 digits each. 
. CONTRACT INFORMATION; 50 items per day, 100 digits each. 
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SUMMARY OF DAILY OPERATING TIME 


OPERATION 


COMPUTER 


a 7.1 min 
ul 

i 
Iv 
Vv 
Vi 
vil 
vil 
ix 
x 
x! 
xi 


FILE PROCESSOR 


16.3 min 


Total 26.5 min 





INVENTORY CONTROL SYSTEM 


THE PROGRAM STEPS AND TIME PER STEP 


1. READ PAPER TAPE INTO COMPUTER, AND PRE- 
PARE INPUT (MAGNETIC) TAPE FOR: 1. ISSUES, 
2. RECEIPTS, AND 3. CONTRACTS: 
Read in 98,000 characters: 
98,000 characters _ = 245 
400 characters per sec — 
. Set up ee blocks: 


(500 items) X (30 instructions per item) = 15,000 in- 
structions 


15,000 instructions 
150 instructions per sec 
Read out onto magnetic tape (tape A) 

980 in 
20 in. per sec 


= 100 sec 


= 49 sec 


Start-stop time 
(500 blocks) X (0.06 sec per block) 30 sec 


Total time = 7.1 min 


- SEQUENCE INPUT TAPE BY STOCK NUMBER ON THE 
FILE PROCESSOR 


a. Read or write time 


500 items require 8 passes (since log base 2 of 500 
equals approximately 9) 
(980 in.) * (8 passes) 
131 sec 
60 in. per sec 
b. Start-stop time 


(8 passes) X (500 blocks) X (0.02 sec per block) 
80 sec 


Total time = 3.5 min 
. SELECT ITEMS FROM MASTER INVENTORY TAPE 
a. Read or write time 
26,000 + 980 
60 in. per sec 450 sec 


b. Start-stop time 
(20,000 +- 500 blocks) X (0.02 sec per block) = 410 sec 


Total time = 14.4 min 
ee | eat AND CONTRACTS FROM INPUT 
A 


a. Read or write time 
980 in. 
= 16 
60 in. per sec _ 


b. Start-stop time 
(500 blocks) * (0.02 sec per block) = 10 sec 


Total time = 0.5 min 


. SELECT ITEMS ON yy a MASTER INVENTORY 
TAPE TO BE UPDATED BY RECEIPTS AND CON- 
TRACTS ON INPUT TAPE: 

a. Read or write time: 
Tape B = 500 (out of 5,000) items = 
Tape A; = 100 items = 100 in. 
2,600 + 100 
60 in. per sec 


2,600 in. 


45 sec 


b. Start-stop time 
(2,100 blocks) X 0.02 = 42 sec 


Total time = 1.5 min 


. UPDATE ITEMS WITH RECEIPTS AND CONTRACT 
INFORMATION 
a. Read time 


2,600 _ 


Tape B,; = 100 items = 520 in 


Tape A, = 100 in. 
520 + 100 il ae 
20 in. per sec 


Start-stop time (input): 
(100 XK 4) + 100 = 500 blocks 
500 blocks XK 0.06 = 30 sec 


c. Computing time 
50 instructions per item 
100 items X 50 = 5,000 instructions 
5,000 
150 instructions per sec 
Printing time (IBM 407): 
100 items = 100 lines 
100 lines 
150 lines per min 
ie « + ems 
Write updated master inventory tape B; and write back 
order tape C: 
Assume: 1 back order per item. 
50 back orders X 20 digits each 
Therefore: Tape C = 10 in. of tape 
Tape B,; (updated) = 520 in 
520 +10 ~ 
20 in. per sec 


= 33 sec 
= 40 sec 


1,000 digits 


= 27 sec 


Start-stop time (output) 
(100 x 4) + 50 450 blocks 
450 X 0.06 sec per block 27 sec 


Total time = 3.1 min 


. SEQUENCE ITEMS WITH BACK ORDERS BY REQUISI- 
TION NUMBER 
a. Read or write time 
50 items require 5 passes (log base 2 of 50 equals approxi- 
mately 6) 


10 in. X 5 passes 
1 sec 


60 in. per sec 


b. Start-stop time 
5 passes X 50 items X 0.02 5 sec 


Total time = 6 sec 


Vill. SELECT BACK ORDERS THAT CAN BE FILLED FROM 
BACK ORDER FILE 
a. Read or write time 
500 back orders = 110,000 digits 
1,100 in. tape 
Tape C (used for selecting) = 10 in 
1,110 in 


60 in. per sec 19 snc 


Start-stop time 
(500 + 50) x 0.02 11 sec 


Total time ~ 0.5 min 


. SEQUENCE BACK ORDERS BY STOCK NUMBER 


a. Read or write time 
50 items pe 110 in 
50 items require 5 passes 

110 x 5 
9 sec 
60 in. per sec 


Start stop time 
50 5 passes X 0.02 5 sec 


Total time = 14 sec 


. COLLATE ISSUES ey TAPE WITH BACK ORDERS 
THAT CAN BE FILLED 
a. Read or write time 
Tape As = 880 in 
Tape D, 110 in 


990 
60 in. per sec 


b. Start-stop time 
(400 + 50) X 0.02 = 9 sec 


16.5 sec 


Total time =~ 26 se 


. COLLATE MASTER INVENTORY ITEMS UPDATED 
BY RECEIPTS AND CONTRACTS WITH REST OF 
SELECTED MASTER INVENTORY ITEMS, AND 
ELECT (USING A,) ITEMS TO BE AFFECTED BY 
ISSUES, AND BACK ORDERS THAT CAN BE FILLED 
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a. Read or write time 
Tape B; 520 in. (receipts and contracts) 
Tape B, = 2,080 in. 
Tape Az 999 in. (issues"and back orders) 


Total 3,599 in. 
3,599 

60 in. per sec 

Start-stop time 

Tape B; 400 blocks 


Tape B, 1,600 blocks = 
Tape A, 450 blocks 150 lines per min 


Total = 2,450 blocks 
2,450 XK 0.02 sec. per block » 


. Start-stop time 
2,250 X 0.06 sec per block = 135 sec 
Computing time 
50 instructions per item 
459 items X 50 = 22,500 instructions 


22,500 


= 150 sec 
150 instructions per sec 


= 60 sec 
Printing time 
450 items X 2 lines per item = 900 lines 


6 min 


. Write update master inventory tape (E), orders that cannot 
be filled tape (G), and billing tape (A,) 
Note: billing tape must next be match-merged with name 
and address tape, etc. 
Tape E 2,340 in. 
Tape G 110 in. (50 back orders off and 50 back 


orders on) 
Tape A: = 
2,340 in. 


990 in Total 
. 3,330 


ADisec 


Total]time' = 1.8 min 
Xl. UPDATE MASTER INVENTORY TAPE USING INPUT 
ISSUES TAPE: 
a. Read time 
Tape E 
Tape Ay = 


880 in. 


3,330 in. 


Total = 3,330 in. 
3,330 


20 in. persec 167 sec 


primary portions of a business data 
processor the central unit, magnetic 
tape units, and peripheral equipment. 


The central unit 


Business-data = essing applications 
usually require long programs, so that 
the size of the program storage 
medium is a good indication of the 
flexibility of the central unit. The 
column headed ‘Total Number of 
Stored Instructions” in Table I in 
dicates the maximum number of in 
structions that could be stored if the 
entire memory was used for this pur 
pose, though in practice this would 
never be done. The cost of the central 
unit varies almost directly with speed 
(access time), ‘lo minimize cost and 
still provide reasonable speed and stor- 
age capacity, some manufacturers use 
more than one type storage medium 
for program storage. In both the 
Laboratory for Electronics DIANA and 
the RCA BIZMAC, a limited-capacity 
high-speed core storage unit is supple 
mented by a large-capacity high-speed 
drum for program storage. 

In the IBM 702 and 705, available 
magnetic drums can be used either 
to store instructions or tabular data. 
However, to be interpreted and ex 
ecuted, the instructions must be 
brought into the high-speed cathode 
ray tube or core storage. ‘There is no 
precise criterion for establishing a 
“reasonable” memory capacity for pro 
gram storage in business-data proces 
sors. Burks, Goldstine, and von 
Neumann’ established a reasonable size 
for scientific computers—about 1,000 
to 4,000 words—but it appears that the 
more complex business programs re- 
quire many thousands of words for 
any kind of integrated processing. 
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20 in. per sec 


The address system has little effect 
on the quality of a system as a busi 
ness-data processor. Single-address in- 
structions may have an overall lower 
efficiency than three-address instruc 
tions, but the single-address system is 
slightly more flexible. Manufacturers’ 
selection of an address mode is usually 
based on economic considerations. 

Speed, of itself, has a fundamental 
effect on the efficiency of a central 
unit. This is particularly true where 
there are so many program steps that 
the input-output devices must wait 
for the central unit to complete a 
processing cycle before the next trans- 
action can be processed. Then, total 
operating time becomes a function of 
central unit time. 

Time sharing, or simultaneous op- 
eration of the input-output and com 
puting facilities, offers the best arrange 
ment for efficiently using all elements 
of a data processing system. This is 
usually accomplished with intermedi- 


ate storage systems, or buffers, between 


the slower input-output units and the 
central unit. Then the central unit 
communicates only with the buffers, 
and there is no need for it to wait 
for the slower, mechanically controlled 
units to complete a processing cycle 
Cost is a factor here, since buffer 
storage must be of the relatively costly 
high-speed type. In the UNIVACs 
I and II, two 60-word registers are 
provided for buffering. The IBM 
705 system uses 1,024-character core 
memories in separate Tape Record 
Coordinators to permit simultaneous 
reading, writing, and computing 


Magnetic-tape units 


Magnetic-tape units usually function 
as direct input-output, on line to the 


= 167 sec 


Total time = 16.3 min 


central unit. They are also used off 
line in the conversion of data to and 
from punched cards, paper tapes, and 
high-speed printers. Factors affecting 
tape efficiency include recording den 
sity, tape transport and rewind speed 
and dead space for start-stop. Cur 
rently available units have tape densi 
ties of 200 characters per in., and 
tape speeds of 100 in. per sec and 
500 in. per sec rewind are not uncom 
mon, ‘The unrecorded areas required 
for starting and stopping are being 
minimized; for example, one system 
(DATAmatic 1000) records on alter- 
nate areas in each direction and reads 
the tape in both directions. Improved 
tape drives make it possible to oper 
ate the UNIVAC II tapes with a 1-in. 
gap at 100 in. per sec, while the 
UNIVAC I tape needed a start-stop 
space of 2.4 in. 

The ability to search independently, 
while the data-processing system ex 
ecutes its normal program, is another 
factor in the increased effectiveness 
of magnetic-tape units The tap 
units provided with such processors 
as the Datatron, Elecom 125, and 
UNIVAC File Computer, among 
others, have this ability. The Tapé 
Record Coordinator provides a “‘par 
tial” search method in the IBM 705 
svstem. Only the search “kev word” 
of the tape record is read into the 705 
central unit for comparison, with the 
remainder of the record held on the 
Tape Record Coordinator. ‘This mini 
mizes the transfer time between the 


Tape Record Coordinator and the 705 


Checking features incorporated in 
magnetic-tape-handling systems should 
ict positively to detect lost or misin- 
terpreted tape information. A simple 
example is the vertical parity bit check 





on each character (odd-even check 
Horizontal parity bits or record-length 
counts are also used. Dual recording 


as used in the BIZMAC, is another 


method of detecting errors and losses 


Peripheral equipment 


A fine line of distinction can b« 
drawn between directly connected in 
put-output devices, and the off-line 
use of these devices for data-conversion 
operation Where the data process 
sequential, with batching of 
transactions, it is usually 


ing is 
preferable 
to convert input and output data to 
magnetic tape off line. With on-line 
processing, involving random rather 
than sequential transactions, punched 
card or paper-tape units are usually 
directly connected on line. With the 
large volume of data that must be 
handled in business operations, it is 
costly to enter the original data 
directly on magnetic tape. Since it 
is possible to record most data in some 
machine-sensible form (such as a 
punched card or a paper tape) as a 
by-product of a normal typewriting, 
printing, or copying operation (such 
as Invoice preparation on a llexowriter, 
or mark-sense cards used in meter 
reading for public utility billing), the 
machine-sensible by-product can bi 
used in automatically converting the 
data to magnetic-tape form 

At present, most peripheral equip- 
ment is either of the punched-card or 
paper-tape variety. Developments in 
the field of character sensing ar 
promising, but at present are restricted 
to experimental applications The 
Control Instrument Corp., a subsidiary 
of the Burroughs Corp., has a traveler's 
check reader in operation at the First 


National City Bank in New York. A 
similar development by Intelligent Ma 
chines Research Corp. is being used 
by The Bank of America. 


How equipment availability 
affects applications 


Today's equipment allows an ex 
tremely broad view of clerical func 
tions. In fact, many feel that the 
ipplication of business-data processors 
must be considered from this wholly 
integrated and coordinated viewpoint 
if the expense and effort of installing 
ind using the equipment is to be 
justified. It is evident that major 
advantages are to be gained if overlap 
ind duplication of functions within an 
organization can be eliminated 

Until the advent of large-scale data 
processing equipment, organizational 
structures were based primarily on the 
division of authority and responsibility 
in terms of manual or limited machine 
operations With these structures, 
efficient communication facilities be 
tween organizational units often do 
not exist Routine data-processing 
operations are relatively slow and are 
duplicated in various areas, files are 
compounded, and overall stability rests 
in a series of checks and balances ex 
ercised manually to afford managerial 
control. While it is quite possible for 
unit operations in any element of the 
organization to run efhciently, it is 
likely that some of these 
operations are duplicated in whole or 
in part in other areas 
ords are 


ilso quite 


Inventory rec 
a typical example: manufac 
turing maintains stock control records 
iccounting keeps inventory value rec 
ords, while purchasing and sales have 
ther own private mventory files. This 


FIG. 2. Bank of tape units used with RCA BIZMAC in 


inventory control system at Ordnance Tank-Automotive 


Command, Detroit. 
numerals can be filed on a single reel. 


More than 2.5 million 


letters and 


hIG 


by 


situation is inevitable unless « 
nications and data-processing ability 
are improved 

With the oftered 
by high-speed electronic data-process 


improve nt 


it is no longer necessary 
to adhere to old 


ing systems 
oncepts of organiza 
tion and function based largely on 
human effort. If there is a logical 
relationship between functional activi 
ties it is now possible to integrate ind 
coordinate them 

For examplk onsider two major 
ireas of organizational activity that 
lend themselves to 

|. Planning and procurement 


Production ind 


integration 


distribution 
In planning and procurement activi 
ties there i 1 dehmnite 
between: 
product development 


elationship 


enginecenng specihcations 
parts requirement 
machine loading 
material control 
purchasing 
store 
wccounts pai ible 
inventory control 

In production and distribut 

the other hand, the relat 

between 

schedulin 

ontrol 


production 
production 
timekeeping 
payroll 
inventory control 
orders 
billing 
ccount receivable 
iccounting 
Current activities in some mdustries 
indicate 


progr in integration and 


coordination i result of ippls ing cle 


3. Elecom 125 system as represented 


the inventory control system of Figure | 


File Processor is at the left and the com 


puter is at the right 
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FIG. 4. Complete Datatron data-processing system. Notice random-access-memory multiple tape bins in foreground. 


tronic data processors. In the public 
utility field, billing, accounts receiva 
ble, and meter-record and test informa 
tion are to be developed as one process 
while maintaining a current file of 
operating and historical data for each 
Also, certain public utilities 
plan to combine the functions of 
purchasing, stock control, stores ac 
counting, and accounts payable in 
connection with material and supply 
inventories 

In general, there is a trend in the 
manufacturing industries toward the 
integration of order billing, inven- 
tory control, accounts receivable, and 
sales analysis with warehousing func 
tions, including mechanization of 
order picking and stock replacement. 
Consider in this respect the two basic 
problems of the aircraft industry: many 
enginecring changes with a long lead 
time, and a complex manufacturing 
To alleviate these problems, 
integration of the following areas is 
being considered 


customer 


proc CSS 


master sche duling 
engineering releases 
parts requirements 
material control 
production planning 
produc tion control 
timekeeping 
manpower forecasting 
machine loading 


‘To show an integrated business-data 
processing application in terms of 
actual equipment (Elecom 125 system, 
including Vile Processor), an inventory 
control system is flow-charted in Fig 
ure 1, Also included is a summary 


of operating times for the complete 
procedure, In this file-maintenance 
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system, transactions are processed 


against master file records to updat 
the master file and to deliver action 
information The bile 
sequences input data, selects active 
master file items, and, in short, organ 
izes work for the Elecom 125 compu 


Processor 


ter. ‘The summary of operating times 
indicates that the Fik 
the computer run about the same 
time. Actually, if the computer had 
to perform the former’s tasks, it is 
likely that overall computer time 
would be increased three to four times 

rhe inputs to the system include 


Processor and 


issues, receipts, and contract commit 
ments, ‘These are analyzed to deter 
mine the current stock status for some 
5,000 parts kept in various locations. 
Since parts usage is on an activity 
budget basis, anticipated usage can 
be predicted and this prediction com 
pared with actual experience, so that 
corrective action can be taken. During 
the daily back-ordered 
items are determined for expediting 
purposes, and the possibility is investi 
gated of supplying demand at one 
point from stock at another location 
Issue documents are then produced, 
directing the issuance of parts to the 
demand location from the stock loca 
tion best able to satisfy the need. In 
addition, because of the budgeted 
activity parts usage program, it 1s 
possible to establish future require 
ments and to indicate specific contract 
commitment details from information 
contained in the master file 

This shows, incidentally, that it is 
possible to use a rather slow computing 
system, with a time-shared File Proces 


processing, 


sor for sorting input data, selecting 


ction master file records, and merging 
updated master file records, and still 


operat it a rather re pe table speed 
Future trends in 
data processors 


While the availability of electronic 
data processors 1S affecting the organ 
ization and operation of businesses 
the requirements of busin ire in 
fluencing the design of data processor 
lo examine this influence, business 
problems can be divided into three 
general categories. The first include: 
problems that 
calculation of current of 
information, with littl 
file data. 
screntih« 


onsiderable 
historical 
reference to 
imilar to 


involve 


hese are ver 
problems and are 
under the general 
operations research. Problems involy 
ing the optimization of facilities 
maximization of prohts ind minimiza 
tion of typical examples 
The data processors best suited to 
handle problems of this type naturally 
resemble those equipped to handle 
scientific engineering 
They are characterized by high com 
puting speed plus large high-speed 
internal storage capacity. ‘The IBM 
704 and UNIVAC § Scientifx ire 
typical units 

The other types of business-data 
processing problems are classified as 
file maintenance, the difference being 
one of degree 
actions or activities in a given time 
period that affect the master file estab 
lishes the nature of a file-maintenance« 
problem. If the incidence of trans 
actions to master-file data 1 
one for one, 


grouped 


classification of 


costs are 


calculations 


The number of trans 


close to 
the work can be organized 





to take advantage of this situation 
Under these conditions, the input 
items are organized sequentially in 
the same pattern as the master fil 
(which would probably be stored on 
tape). Processing consists of updating 
a considerable portion of the old 
master file, and then, since 
changes occur, rewriting it on tape 
Typical operations include premium 
billing in insurance 
public utility billing. In these high 
file-activity systems, there is usually 
little need for random access to stored 
data, evervthing being done at on 
time on a sequential basis. At present, 
the 702 and the 705. the UNIVAC 
and the Datatron, among others, are 
used to handle applications of th 
type classified as file maintenance 
Recent developments that will affect 
this area of data processing include 
the more efficient tape 
with the DATAmatic system, and 
IBM’s Tape Data Selector Ihe 
DATAmatic units feature a 3-in.-wide 
tape that can be used to read or write 
50,000 characters 
while the Tape Data Selector 
features increased efficiency of the 
IBM ‘Tape Processors by permitting 
off-line extraction of tape information 
in printed or punched-card form 
The third category includes thos 
problems with a low ratio of activity 
to master file data, cither because of 
the size of the master file or becaus 
of the low number of daily transac 
tions. Social Security new-account ap 
plications, for example, come in at 
the rate of about 10,000 per day 
and must be processed 
master file of 120 million records 
Random access devices work best in 
this area, since onlv a small percentage 
of the total stored items is referred 
to at one time Vhis type of work 
can be organized in two ways, On 
is to delay the processing of the tran 
actions to provide time to locate the 
necessan 


many 


companies and 


units used 


at a rate of over 
per sec, 


iwainst a 


items m a magnet tape 


JAMES GIBBONS 


As director of the 
Advisory Services of Price 


master file These can be extracted 
from the master file at a relatively high 
rate since there is no computation 
Once the active file items have been 
extracted, they can be processed with 
conventional tape processors that need 
not operate at extreme speeds. The 
RCA BIZMAC, Figure ind Elecom 
125, Figure 3, are used to handk 
this type problem 

On the other hand, if the trans 
actions must be processed randomly 
is they occur, no appreciable time can 
be spent in locating master-file infor 
mation. Banking operations, inventory 
ontrol, and accounts-receivable opera 
tions at collection windows are typical 
Variou 
ire being developed to handle these 
problems, One of these is the DIANA 
bulk memory of 71 


stored on magnet 


random-access storage systems 


million digits, 
drums In thi 
rotate 
input devices and 


system the drums it 3 rps to 
ynchronize with 
in on-line printer. ‘Thus, one rotation 
of the drum _ provide ufficient time 


for look-up, computation, and print 
out of a transaction In normal opera 
tion, print-out is at the rate of 150 
lines per min. Sorting in the DIANA 
system is merely a problem of locating 
the next higher sequence during each 
drum revolution, and printing thi 
equence for each cyck 
Another random-access storage $1 
tem is under development by the Ele 
troData Corp the Datatron system 
vill Figure 4 
Every bin unit will contain 50 strips of 
250 ft in length 
in the 50 


M 1X1 


but normally far 


use multiple bin unit 
magnetic tape, each 
A single reading head will 
tapes at a rate of 60 In per se 
mum acce is 52 se 


le time 1 


required, One bin has a 
ipacity of 20 million characters, with 
1 total of 10 bins per system 

IBM’s random-acce cise 


innounced about a vear ago, i 


memor 

1 third 
ystem aimed at solving the random 
50 magnetu 


ipacit of 5 mil 


icce s problem Phi us 
discs with a total 


Electronics Div 
W aterhouse 


lion digit Access time is 
mately 0.5 sec. Current plans are to 
incorporate thi equip 
ment especially suited to banking op 
erations. Still 
large-scale memory is the Clevite Brush 


Ipproxi 
memory in 
inother random-access 


lape-Drum 

Actually, most data processing prob 
lems are rarely such that a specif 
data-processin item can be used to 
best advantage in all related tasks, Dif 
ferences other than price between data 
processors become significant when 
the bulk of the work falls into one of 
the previously described categories, If 
this is the j it becomes possible to 
decide that a tape-processing system 
will be more effective than a random 
CCE’ tem. or that an off-line s¢ 
quential p ing system wall be 
more useful than an on-line system 
lLlowever vith the diversity of most 
busin problems, detailed tudies of 
pecific applications are u ually neces 
iv before a ion can be reached 
Iixperience t ite shows that general 
purpose eq nent will best fit most 


mipany 
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“HOW TO FOLLOW 
THE STEPS 


In Control Systems 





Engineering — 


The theme of Control Engineering’s September |Issue—the most val- 
vable single magazine issue ever published for the control systems 
engineering field . . . 


For the first time anywhere, in book or magazine, all the phases of control systems 
engineering will be presented as an integrated unit. 
ENGINEERING, cach segment of control work will be related to the others as logical 
steps. ‘The issue will be, in effect, an authoritative source book, an omnibus, a 


In September Conrror 


“consultant-in-print” for the control engineer. It will, beyond question, become 
a part of the control engineer's basic reference literature. 


This will be “the book” on control systems engineering, A to Z—from machine 
or process analysis, through design, to the specification of system components 
You're surely aware how eager control men are for information that advances 
“the art.” They want to know “how to do it,” and they want to know just as 
urgently “what to do it with.” Your advertising will give them detailed facts on 
how your products “fit the loop,” . . . what particular advantages those products 
have in helping the control engineer solve a particular control problem. In an 
area where brand preferences are still unformed, you have an exceptional oppor 
tunity, in a basic reference such as this, to influence those preferences in your 
favor. The earlier you establish such preferences the stronger they will grow. The 
scope of the articles in the “Follow-The-Steps” issue gives you a sound editorial 
premise for telling control engineers where you fit in. 

There will be 11 major articles, covering over 100 editorial pages. ‘hey will start 
with “Why You Should Practice Control Engineering,” and end with how to test 
the completed, installed control system. Each article will follow in logical 


progression. 


ENGINEERING 





Who Will Read this Issue? 


Who Will 
Write the Articles? 


Who Started 
This Whole Project? 


Why Is It Timed 
for September? 


A Note About Copy: 


It will be read by more than 28,000 practicing control engineers. Our circulation 
department requires direct, confirmed evidence of job titles and responsibilities, 
before paid subscriptions are accepted. Subscribers are men who have proven they 
are entitled, as control engineers, to receive the publication. ‘They've been rigidly 
screened as men who select. specify and buy the instruments, components and 
other equipment used in control systems. (In addition to regular subscribers, 
we're preparing for exceptionally large single copy sales.) 


The author of cach of the 11 articles will be a respected authority in his special 
control area. Our editors have been rounding up these authors since last Novem 
ber, checking preliminary plans of the issue with them, correlating their ideas on 
how to integrate this presentation 


\ group we esteem highly—our readers, The men, who month in and out, apply 
Controu ENcrveerinc’s editorial content to their job problems. In traveling, in 
visits with their readers and contributors, our editors frequently ask, “What's the 
most urgent editorial job we should take on?” A frequent answer: “A story that 
ties together all the parts of control systems engineering the Big Picture.” 
Imposing as it was, our editors took the challenge. 


For one thing, September will be our second anniversary of publishing Conrrot 
ENGINEERING. For another, the editors decided the organizing and writing job 
would take a full 10 months. Thirdly: The ISA Show in September, at the 
Coliseum, New York. Looking ahead last November, the editors foresaw they 
could perform a genuine service in relation to this 11th Annual International 
Instrument-Automation Conference and Exhibit, by providing a unifying theme. 
They expect, very reasonably, that September Conrrot Encrneerine will broaden 
the thinking of control engineers who attend the show. It will open their minds 
to control ideas and products beyond their immediate work horizons, Conrro. 
ENcrineerinc’s A-to-Z coverage will give control engineers an active interest in 
the broad range of the product displays they are exposed to at the ISA Show 


It’s important in this September issue to register the entire scope of your com 
pany’s activities. Present all the products and services your company offers relating 
to instrumentation and control in wet process, machinery or airborne applications 
We have sound evidence that our subscribers do like, and read, long articles and 
detailed advertising copy, when cither is pertinent to the problems these men 
must solve. Take sufficient space to cover thoroughly your product specifications 


and application data. Our readers want all the product detail you can give them 


Closing for advertisers: August Ist Co ntrol 


ENGINEERING 


A McGRAW-HILL PUBLICATION * 330 WEST 42ND STREET, NEW YORK 36, N.Y. 
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IDEAS AT WORK 


Vapor-Pressure Analyzer 
Computes Liquid Concentration 


L. GRIFFITH, Celanese Corp. of America’ 


A simple analyzer detects a liquid’s vapor pressure and tempera- 


ture and performs a computation on these two process variables to 


yield a continuous direct reading of concentration. 


In the chemical industry accurate 
measurement of component concen- 
tration of liquids plays an important 
ee in end-product quality. If the 
iquid is binary, the concentration of 
one of its compounds can be found 
by measuring the liquid’s vapor pres- 
sure and temperature. As an example, 
Figure 1 relates pressure and temper 
ature to per cent of water by weight 
in a mixture of mesityl oxide and 
water, 

The first pressure-temperature vapor 
pressure analyzer consisted of liquid 
filled reference bulbs driving a me- 
chanical system, These bulbs exert 
forces proportional to the compound's 
vapor pressure and temperature, and as 
Figure 1 shows, determining concen- 
trations from zero to five per cent in 
this manner requires a temperature 
span of only 10 deg C and a pres 
sure span of about 700 mm Hg. 

Since the force generated by the 
bulb is the product of its applied pres 
sure and working area, these small 
_ need large-size bulbs to develop 
the +e" mechanical forces. Further- 
more, large bulb size means a large 
time constant. Therefore under dy- 
namic conditions the instrument 
lagged behind the true reading, and 
the result was a loss of accuracy. Once 
the vapor pressure and temperature 
were obtained, a family of curves, 
similar to Figure 1, yielded the con- 
centration, 

* Formerly with Canadian Chemical Co., 


Ltd. 
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Thus the original analyzer suffered 
from these drawbacks: 
© low-resolution due to large mechani- 
cal forces required to operate the 
instrument 
P reduced accuracy under dynamic 
conditions due to large time constants 
P required reference forces and a cali- 
bration chart 


Computes concentration 


The electronic design of the new 
analyzer eliminates the difficulties pre 
sented by the original mechanical de- 
sign. Now the process variable is 
simply sensed by pressure and temper 
ature transducers and converted into 
electrical quantities. Since no me 
chanical force is required, the small- 
size transducers have small time con 
stants. 

The complete analyzer block dia 
gram is shown in Figure 2. The trans 
ducers convert the process variables 
into electrical resistances, each serv 
ing as one arm of a resistance bridge 
The inherent linearity of the trans 
ducers, together with the small bridge 
unbalance (because of small spans 
of variable), yield essentially linear 
signals with respect to the process 
variables. The bridges operate from a 
de voltage source. 

The instrument stores the infor- 
mation relating concentration to pres 
sure and temperature in a simple com 
puter. Examination of the equilibrium 
data reveals that a single expression 
can be developed to approximate the 


entire family of curves, provided that 
the temperature span is not too wide 
The expression is 


In (x, + k,) k, kJ ~ - 
where: x, mole fraction of the light 
component in the liquid; 
k,, ke, ks, and k, are constants; 
T = temperature 
P = pressure 


Thus pressure and temperature are 
now related by the addition and sub 
traction of voltages, as shown in 
Figure 2. Here V, equals the algebraic 
sum of the voltages representing the 
constant, the temperature, and the 
pressure. V, is the voltage appearing 
across R,, a logarithmically wound 
potentiometer. The servo system com 
pares V, and V, and drives the shaft 
of R, until these voltages are equal. 

The potentiometer shaft’s rotation 
angle then represents the antiloga 
rithm of V,. Since V, equals In 
(x, + k.), the shaft’s angk equals the 
liquid concentration x The k, in- 
volves a zero correction Thus the 
rotation of the potentiometer shaft is 
a direct measure of liquid concentra 
tion when the temperature and pres 
sure vary between the prescribed 
limits. 

A pneumati translates 
shaft position into a signal that drives 
the pen of a chart recorder Thus the 
recorder plots, against time, the con 
centration computed by the analyzer 
directly from the measured temper 
ature and vapor pressure 


converter 





Fig. 1 LIQUID'S TEMPERATURE AND VAPOR PRESSURE YIELDS CONCENTRATION 
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Fig. 2 ANALYZER COMPUTES CONCENTRATION 
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Additive Process 


Plating Through 
The Holes 


Circuits on 
Both Sides of Board 


Order General Electric “Thru-Con” Boards 
for positive connections through the holes 


“Thru-Con” insures accurate solder 
filleting top and bottom for extreme 
strength and easier assembly. 


Original Design Features. Original Gen- 
eral Electric additive-method produc- 
tion techniques provide continuous 
copper plating through the holes. Posi- 
tive connections do away with separate 
staking pins, assure perfect circuits. 
Costly rejects due to difficult soldering 
problems are eliminated. If desired, 
G-E “Thru-Con” boards may provide 
patterns on both sides, further reducing 
size and weight. 


“Thru-Con" Boards Serving Many Indus- 
tries. Important economies afforded by 
dependable G-E “Thru-Con” boards 
are helping manufacturers cut costs 
and improve profit pictures. Producers 
of lamps, radios, fans, street lighting 


and traffic control units, television re- 
ceivers, appliances, and contrel equip- 
ment are using ““Thru-Con”’ now. 


Full Production Facilities. The G-E 
“Thru-Con” plant is devoted to full- 
time production of printed circuit 
boards. New, specially-designed equip- 
ment is capable of producing thousands 
of boards each day. The combination 
of custom wiring patterns, sizes, and 
shapes is virtually limitless. 


Investigate G-E “Thru-Con" Boards, To- 
day. It will pay you to look into the 
savings ‘““Thru-Con” boards make pos- 
sible in manufacturing techniques. For 
a full discussion of your printed circuit 
program, and a sample ‘‘Thru-Con”’ 
board, call or write: General Electric 
Company, Electronic Components De- 
partment, Sect. X9976, Auburn, N.Y. 


ADVANCED COMPONENTS FOR THE ELECTRONICS INDUSTRY 


* Printed Circuit Boards * Ferrites 


* Distributed Constant Delay Line 


* Ceramics 


Progress /s Our Most /mportant Product 


GENERAL @® ELECTRIC 
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a 
G-E “Thru-Con” Printed Circuit Boards offer 
positive connection through the holes, with- 
out staking pins, patterns on both sides 
if needed. Printed circuitry cuts assembly 
time; eliminates product bulk, weight; 
reduces inspection time, parts inventory. 


Positive Proof. This new transistorized port 
able radio features a full printed circuit 
using a G-E “Thru-Con” Board. Combin 
ing other advances in electronics with a 
“Phru-t Son” circuit makes possible sweep- 
ing changes in size, weight, and styling. 





The Simple Bridge Can Solve 


WILLIAM M. PEASE, Feedback Controls, Inc. 


By properly including the variables in the arms of a 
self-balancing bridge circuit, a single amplifier can serve 
to solve an entire equation. With precision rheostats the 


overall accuracy can be as high as 0.01 per cent. 








FIGURE 1 
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IDEAS AT WORK 


Equations 


A self-balancing Wheatstone bridge 
is often used as a computing device 
With combinations of hnear precision 
rheostats in the arms of the bridge, 
many of the common mathematical 
operations, addition, subtraction, mul 
tiplication, and division, can be done 
in the bridge simultaneously. ‘Trans 
ducers whose ¢ utputs are clectrical re 
sistance changes are suitable input de 
vices for such computing bridges 

Vhere are available multiturn rheo 
stats accurate to about twenty parts 
per million (0.002 per cent). In com 
puting bridges, these permit overall 
computational accuracies in the order 
of 100 parts per million (0.01 per 
cent) 


Solution of the range equation 


An interesting illustration of the 
application of these techniques is the 
solution of the equation for the dis 
tance between two points in space, 
as stated in orthogonal coordinates 


r Ve rH +8 

Consider the bridge of igure | to 
be self-balancing and the arms to con 
sist of resistances as shown. The de 
cribing equation ts given im the figure 
Now suppose that R,, R,, and KR, are 
identical and are formed from pre 
cision rheostats, as shown in Figure 2 

Substituting the equations for the 
end-connected rheostats of Figure 2 
in the equation of Figure | gives 


R, 


(1—1*) 
i / 


R 


a 
iy? + 2) 
4 


Combining with the desired result 
y+ y + 2’, R, then become 
hk ht 
| } 


Ro a 4 ae 
2 } 
which is a fixed resistance K,/2 in 
cries with an end-connected rheostat 
Thus, a self-balancing bridge arranged 
as in Figure 3 will yield the desired 
result 

The solution of the lant range 
equation has been used for illustra 
tion, but there are many other useful 
variations of this technique 
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“Doelca 771» Selective Range 
D-C PROPORTIONAL AMPLIFIER 





MODEL 2HLA-4 
Shown with Cabinet off 
for Rack Mounting 





INTERCHANGEABLE 
RANGE PLUG-IN UNIT 


SPECIFY AN INTERCHANGEABLE Available in any range 
PLUG-IN UNIT THAT MEETS YOUR RANGE between 
REQUIREMENT... EXACTLY 0 to 0.1 MILLIVOLT 


The Doelcam Selective Range D-C Amplifier Model 2HLA-4 is and 
designed for use in the laboratory or production line as a com- 0 to 100 MILLIVOLTS 
ponent part of a control or linear measuring system. It will accept 

any one of a number of interchangeable Range Plug-In Units for 

the combination of input voltage range, input resistance and fre- 

quency response that meets your application requirements. . 

exactly, One Plug-In Unit is provided with each instrument. No 

need to pay for built-in voltage ranges which may never be used. 

The exclusive Doelcam Second Harmonic Magnetic Converter is 

used in the input stage in place of a mechanical chopper for all 

around improved performance. Write for Bulletin SRA-34, 


PERFORMANCE CHARACTERISTICS 


ISOLATED INPUT: Input Terminals are isolated from 
amplifier circuitry and chassis ground. 


HIGH CONVERTER FREQUENCY: 2500 cps carrier, insensitive 
to 60 or 120 cps pickup. 


LOW DRIFT: Less than § microvolts long term drift. 
LINEAR AMPLIFICATION: Better than 1% on all ranges. 
GAIN: Up to 10°, 
FREQUENCY RESPONSE: Up to 40 cps. 


RUGGEDNESS: Withstands over-range signals up to 
1500 times full scale. 


HIGH POWER OUTPUT: Drives most commercial Pen 


MODEL 2HLA-4 Motors or Galvanometer Recorders. 


Shown with Cabinet on 
for Bench Mounting. 


“Doelcam— 


ADIVISION OF MINNEAPOLIS-HONEYWELL BOSTON 35, MASSACHUSETTS 


Instruments for Measurement and Control 


Synchros * Gyros * Accelerometers * Amplifiers * Microsyns * Servo Motors 


1400 SOLDIERS FIELD ROAD 
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Low Distortion and Low Noise 
in Small-Amplitude Motions 


Distortionless, noise-free mechanical motion at a sinu- 
soidal double amplitude of 0.01 deg is produced by a 
table designed to simulate aircraft motions for instru- 
ment testing. The table has a noise threshold below one 


second of arc. 


B. W. McFADDEN 
Micro Gee Products, Inc. 


Ihe actual hardware of an auto 
matic guidance or flight stabilization 
ystem is often tied in with an analog 
computer for a simulated flight analy 

hus it is possible to check equip 
ment compatibility, and actual rather 
than theoretical performance undet 
closed-loop condition 

lor maximum results the gyros and 
iccelerometers of the system under 
test must be included in the loop and 
subjected to angular displacements 
ind accelerations in accordance with 
electrical signals from the computer 
his requires a flight-simulation table 

[he simulation table shown in Fig 


FIG. 1. Close-up of the simulation 
table. Amplifier and function gener 
ator are im a separate desk top unit 


0.1 and 1.0. Its threshold is less than 
> microradians (1 sec of ar It is 
designed to follow signals from an 
malog computer as well as from a 
standard low-frequency function gen 
erator. ‘The latter is included to pro 
vide signals for dynamic test 


Servo design considerations 


I'he input signal is applied through 
the gain control, Pl, and the asso 
ciated summing resistor, Rl. Since 
unplifier | is an operational ampli 
fier, its transfer function is defined by 
the feedback impedance formed by 


R2, R3, Cl, C2, and C3. Values are 


d mnping control} 


nhguration, vet pro 


off at high frequencies 


wy rate, as well as 
obtained when the 
P2 is turned clock 
tem d mpimng The 
rate is obtained 


network formed by P2, 
whale the f edback rate 
ough the table position 


k formed by P2, C5, 
lo kee p the natural 
he tem relatively 


idjusting damping, the 


of the damping con 
idjusts open loop gain 


ure | is a high-performance servo such that the first amplifier has a lead lo minimize changes im closed-loop 
mechanism with a natural frequency double lag characteristic that provide: gain of the tem this variation of 
in exc of 15 cps and a damping error rate at low frequencies for suf open-loop gain is done in the forward 
ratio that is adjustable between about ficient damping of the system in it part of the loop instead of in the 
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FIG. 2. The simulation table’s servo. 


FIG. 3. Transient response of table for 0.1 deg step, and 
sinusoidal response for 0.1 and 0.01 deg double amplitude. 
' 


Note absence of distortion and noise at small amplitudes : oe be , 7 ; 1 ‘ , \ 
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Potter &@ Brumfield, inc. 


PRESENTS 


Wrt te to Samples and Quotations: 


For quick delivery over 350 different standard 
relays stocked by 500 Franchised Distributors 
throughout the United States and Canada. 


Ps, PRINCETON, INDIANA we. 


Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 
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Thus, the natural frequency 
ind overall gain of the system remain 
essentially constant as the 
varied 

The power amplifier drives the coils 
of the table. Its output impedance is 
low enough to prevent loading by the 
coils, hence the transfer function is 
practically a pure gain. Load equaliza 
tion can be added if a table load 
requiring it is ever encountered 

lable position is sensed by a 
linear variable differential transformer 
(LVDI located on one of the recti 
rods of the table. Becaus« 
motion of the drive rods is 


damping 
control 3} 


linear drive 
lineal 
directly proportional to rotary motion 
of the table, the output of the LVD1 
is a distortionless indication of th« 
angular position of the table Ihe 
LVDT is an ac pickup excited by a 
5-ke signal and the output is demodu 
lated by a low-drift demodulator. The 
low-pass filter formed by R7 and C7 
attenuates the 5-kc ripple in the de 
modulator output without significant 
phase shift at signal frequencies 

The output of the demodulator 
filter is supplied to the meter and re 
corder amplifier, to the table position 
feedback network, and to a test jack 


chassis. Also, at 
this point a 60-cps hum balance signal 
; injected via P3 and C6 to null out 
inv component of heater voltage in 
duced into the 


on the back of 


unplifers This is 
table can re 


spond to frequencies ibove 60 cp 


necessary because the 


Mechanical design 
The table has 


minimize small amplitude distortions 
backlash 
It utilizes the prin 
ciples of a pendulum with knife-edg« 
bearings, as in a laborator 


been designed to 
iused by coulomb friction 


ind bearing nois¢ 


balance 
The effective length of the pendulum 
is made as short as possible to mini 
mize power required to force oscilla 
tions at other than the 


natural frequency Also 


pendulum 
pivot-point 
not knife-edge 

Power to move the table is sup 


bearings are used 
plied by voice coils that force the 
vertical rods at each side of the pendu 
lum platform to move rectilinearly 
hese rods are seen in Figure 1 to 
have flat plates at their upper ends, 
tangent to curved rockers. Linear mo 
tion is converted to rotary motion 
without approximation because the 
center of curvature of the rockers lies 


Eliminating Digital Zero-Drift 


OTTO K. KOWALLIS, Wiancko Engineering Co. 


| 
Frequency- | 
modulated 


oscillator 





Some data-reduction systems con 
vert a measured analog parameter into 
1 digital value ‘by shifting the 
frequen of a frequency-modulated 
oscillator he difference 
hift between the 
ter frequency and the frequency pro 
influence of the input 
transducer is then a measure of the 


output 


{ tre que ncy 
oscillator’s cen 


duc ed by the 


| 
— wa 
o---—4 


~-_ 
| 
| 
| 


Differential 
| counter 


regis ter 





llows normal drift 


in the oscillator (in the order of 0.5 


nput function 


per cent of bandwidth per 60 day 
leads to errors in tems that require 
0.1 per cent stability per month 

he effects of iong-time os 


drift can be 


illator 
reduced to an insignifi 
int value b the 


in the figure Her 


approach hown 


vhen rela 4 Con 


on a line through the two pivot-beat 
ing point Slipping between the 
tangent plat ind rockers is pre 
vented by thin flexible ribbons secured 
to the top of ca h rocker and the bo 
tom of each plat \ similar pair of 
ounted below the 
table in im to maimtain 


I bbon it ill 


pivoted rock 


tension 
tim 
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0.001 


A 
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Frequency~ cpt 


FIG. 4. Dynamic performance range. Up 
per frequency limit is dictated by record 
ing problems and natural resonances in 
the table. At small amplitudes, distortion 
less motion is possible to above 100 cps. 


nects the o itor output to the 4+ 
terminal, the differential-counter reg 
ister runs in a positive direction, And 
when the relay i 


terminal, thy 


connected to the 
unter runs in the re 
Relay | grounds the 
cillator, thu 
preventing any transducer signa 
hifting th ) 

With rela losed, relay 2 switches 
to the terminal of the 
ter. Then the uunter gate opens for 
one sec and th D en 
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Here, ( qual the ent tre 
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LISTING IN GROUPS 


CONTROL 


1-6 Designs of the Month 34-39 Control Valves 


7-11 Detectors 


40-44 Numbers Machines 


12-26 Recorders & Analyzers 45-50 Timers & Relays 
27-33 Torque Sources 51-57 Control Components 


ENGINEERING 


21 “ BUILDING BLOCKS” for control. 


By proper assembly of 21 new standard component 
an electronic control system that best fulfills the d 
signer’s needs can be constructed. The prefabricated 
modular units can be built into a versatile system that 
measures pertinent information and transmits it to dis 
tant control centers where the information is translated 
into a control function. A total of 125 channels are 
available for the transmission. The five basic units in 
the package are the controller, supervisor, transmission 
device, metering and recording device, and the alarm 
The transmission system can be operated by bi-polat 
pulse sequences, time-sharing sequential links, or com- 
binations of both. Its overall accuracy of approximately 
0.5 per cent may vary with the speciic transmission 
installation. The systems that can be built up from the 
blocks will control electrical, mechanical, pneumatic, or 
hydraulic processes. The systems will be sensitive 
enough to regulate fractional-hp motor actuators, power 
ful enough to control 1,000-hp actuators, and flexible 
enough to accommodate electronic computers or 
punched cards or tapes.—Sparks-Withington Co., Jack 
son, Mich 


Circle No. 4 on reply card 


TAPE SPEEDS shifted electrically. 


Two new tape transports for data recording empha 
size flexibility. The Type 102 uses one single- or mul 
tiple-speed hysteresis synchronous motor to belt-drive 
the capstan. The Type 103 uses one or two single-, 
dual-, or triple-speed hysteresis synchronous motors to 
drive the capstan at any of the six different speeds, and 
in a wide variety of ranges, from 60 to 0.42 ips. ‘These 
speeds can be switch-selected as they are produced 
through an electromagnetic clutch-belt-drive speed re- 
ducer 

Each transport will take one or two multi-channel 
recording heads.——Davies Laboratories, Inc., 4705 
Queensbury Rd., Riverdale, Md. 


Circle No. 2 on reply card 





HYDRAULIC relay has high response. 


This relay is capable of a frequency response of 125 
cps. It is simple, compact, rugged, leak-proof and com 
pletely sealed, and the standard unit may be operated 
with a supply pressure of 700 psi, giving a flow to the 
cylinder of 17 cu in. per sec under no-load conditions 
The diagram shows all main functional parts and their 
relationships. The principle of operation is simple 
the position of the actuating lever determines the flow 
of oil to the upper and lower chambers of the cylinder, 
where the energy of the jet stream is converted into 
pressure and the piston is driven in accordance with 
the pressure differential between the chambers Hauge 
Regulator Corp., Orangeville, Ohio. 


Circle No. 3 on reply card 


RECORDER contains dry developer. 


Twenty-four individual channel galvanometer move 
ments, with response flat to 60 cps and a natural fre 
quency of 90 cps, provide rectilinear full-scale deflec 
tions of up to 4 in., peak-to-peak, with only 1 per cent 
distortion at 2 in. peak to peak, in a new high-speed 
recorder. It uses a dry developing process enabling the 
finished record to be seen after 4 in. of chart travel. 

Each movement has a sensitivity switch to allow 
deflections of 1 in. per 20 millivolts to 100 volts. Paper 
speeds are 4, 4, 4, 1, 2, 4, and 8 in. per sec. It’s pow 
ered by standard 115 vac.——Century Electronics & In 
struments, Inc., 133 N. Utica, Tulsa, Okla. 


Circle No. 4 on reply card 


COMMUTATORS perform at high speeds. 


A rotary commutator for analog-to-<digital applications 
is now available in stock sizes of natural binary and gray 
codes. The metal segments are cast in Kel-F with a 
location precision of 4 deg, and then turned down to a 
24 microinch finish. The high finish and concentricity 
(total runout of 0.0005) enable operation at high 
speeds without brush bounce, while the solid metal seg 
ments assure long life (more than 10 million cycles | 
claimed ) 

In addition to gray and natural binary codes, the 
maker will provide cyclic binary, binary coded decimal, 
or other codes.——Airflyte Electronics Co., 535 Ave. A, 
Bayonne, N. J 


Circle No. § on reply card 


TANK gaging system scans automatically. 


This new simplified digital gaging system remotel 
measures liquid levels in tank farms of any size, over a 
single pair of wires running to the tank-farm area. It will 
indicate liquid heights up to 64 ft in 4-in. increment 
The system causes the read tank to identify itself, and 
can automatically scan the entire farm. Coding on the 
two-wire transmission system facilitates printout with 
low-cost electric typewriters and cards or punched tape 
The system can incorporate cyclic timers to scan at pre 
set intervals and record. In addition, it will transmit 
to several remote receivers Bendix-Pacific, North 
Hollywood, Calif 


Circle No. 6 on reply card 
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NEW PRODUCTS 


PRESSURE TRANSDUCER 
A difterential transformer is the heart 
of a pressure transducer excited by 2 
to 20 ke. Output at full 10-volt input 
is 1 millivolt per psi. A flush dia 
phragm type, it can be mounted on 
aircraft surfaces. Pressure ranges are 
from 15 to 500 psi. Dimensions are 
about | in. all ways.—Schaevitz En 
gineering, P. O. Box 505, Camden 
. a 

Circle No. 7 on reply card 





a 


SULPHIDE CELL 


Normal daylight will provide enough 
energy for a new cadmium sulphide 
photocell to operate a sensitive relay 
without amplification, ‘‘Powermaster 
Photocells” are divided into 11 sensi 
tivity categories. Low impedance cells 





SOME DETECTORS 


are for direct relay operation, while 
high impedance cells are for amplifier 
inputs. Outputs range from 20 to 
1,500 microamps (into 5 megs to 
67,000 ohms) at the very low illumi 
nation of | ft-candle. With proper 
amplification, the little cells will de- 
tect 0.001 ft-candle. The maker says 
they are entire 
spectrum, with a peak to blue-green 

Hupp Electronics Co., 743 Circle 
Ave., Forest Park, Ill 


Circle No. 8 on reply card 


sensitive over th« 


SHOCK COUNTER 


A compact product counts shocks and 
their magnitude to four figures per g 
range. Four ranges, which can be as 
narrow as 0.5 g, are factory set. The 
instrument is offered to anyone in 
terested in recording the nature of 
rough treatment given aircraft, boxes, 
etc.—Maxson Instruments, 47-37 
Austell Place, Long Island City 1, 
Me: 


Circle No. 9 on reply card 


LINEAL TRANSDUCER 

A new variable permeance lineal 
transducer can be furnished for travels 
from 0.2 to 164 in. Intended for use 
in submerged applications, the new 
transducer presents stainless steel sur 
faces to the emersing fluid, and will 
tolerate temperatures up to 1,300 deg 
| Crescent Engineering & Research 
Co., 11632 McBeam St., El Monte, 
Calif 


Circle No. 40 on reply card 


ACCELEROMETER 
A variable reluctance-t 
eter with ranges from 5 to 300 g is 
housed in a }-in. tube. Full-scale 
output is 40 millivolt per volt input 
North American Instruments, Inc., 
2420 N. Lake Ave., Altadena, Calif 
Circle No. 41, on reply card 
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RECORDERS, INDICATORS, ANALYZERS 


VIBRATION MONITOR 


By detecting over-normal vibration of 
bearings, a new multi-channel vibra- 
tion monitor warns of impending 
trouble within large rotating ma- 
chinery and causes automatic shut 
down. The monitor operates only 
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after a delay period and a 4-to-1 in 
crease in vibration level he Beta 
Corp., Forest Ave. at Ridge Rd., Rich 
mond 26, Va. 


Circle No. 42 on reply card 


FLOW ALARM 


Said to be the first flow alarm to 
combine low cost with vibration 
proof operation, the Fischer & Porter 


Ratolarm flow alarm uses two snap 
electrical hermeti 
cally sealed in a glass tube, to set off 
the alarm when actuated by a mag 
netic-float extension rod. Signals may 
be furnished for both high or low flow 
limits. The maker says that the new 
instrument will replace a mercury- 
switch and induction-coil design pre 
viously offered. Although used mainly 
for flow applications, the device can 
signal the movement of any movable 
device from limits.—Fischer & Porter 
Co., 553 Jacksonville Rd., Hatboro, 
Pa 


action contract 


Circle No. 413 on reply card 








FREQUENCY STANDARDS 


AVIONIC 
FREQUENCIES 


PRECISION FORK 


| FREQUENCIES 
| 240-400-500-1,000 cy. 


ACCURACIES 
Type 50 +.02% (—65° to 85°C) 
Type R50 +.002% (15° to 35°C) 


ry 
os 
L 


TYPE 


50 Requires double triode and 


5 pigtail components 
Size, 1” diameter x 3%” high 
Weight, 3.5 ounces 


FREQUENCIES: 
ACCURACY: .. 

OUTPUT: 
INPUT: «20 
SIZE: with cover.. 


- . .50 to 1,000 cycles 
+.002% (+15° to +35°C) 

115V, 75 Watts 
...+Ll0V, 50 to 75 cycles 
. .10°x17"x9” high 


PANEL model,. .10’x19"x8%” high 


WEIGHT: ....... 


This organization makes frequency 
standards within a range of 30 to 30,000 
cycles. They are used extensively by 
aviation, industry, government, (armed 
forces) where maximum accuracy and 
durability are required, 


American Time Products 


Tae 
580 Fifth Avenue, New York 36, N. Y. 


...-25 pounds 


OWER 


75 Watt 


FREQUENCY STANDARD 


TYPE 2111C 


INDUSTRIAL 


FREQUENCY 
STANDARD 


[ d Ys FREQUENCIES 
« Fa a 
a 


50-60-75 or 100 cy 
ACCURACIES 


TYPE Sol 
+ .02% 


( 65° to 85 C) 


. 


+ .002% (15 


to 35°C) 

INPUT: 150 to 300V, B (6 V at .6 amps.) 
OUTPUT: 2V into 200,000 ohma. 
SIZE:..3%"x4'%4"x5'4” high. Weat., 2 Ibs. 





American Time Products, inc 
580 Fifth Ave, Mew York 34, N.Y 


Gentlemen: Please send details on your Type 
Nome 
Company 


Address 
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NEW PRODUCTS 


ON-OFF RECORDER 


Similar to the familiar laboratory 
kymograph, the operations recorder 
seen here uses pressure-sensitive paper 
to record a lot of information on a 
6-by-13-in. piece of paper. Rotation 
of the drum moves the stylus so that 
36 lines appear on the chart for a 
total of 400 in. By selecting a chart 
speed equal to a process cycle (e.g., 
one revolution per day) on-off varia- 
tions from day to day are immediately 
compared as they appear one above 
the other. Drum rotation speeds 
range from one revolution every 4 
min to one every 10 years. Prices 
range from about $45,—Gorrell & 
Gorrell, Haworth, N. J. 


Circle No. 14 on reply card 


q 


ANGLE INDICATOR 


Angles as small as *o deg are readable 
with the machine shown here. The 
component under test is set up in full 
view, held in collets which accept 
k or 4 in, shafts.—Waters Mfg., Inc., 
Sudbury, Mass 


Circle No. 35 on reply card 








VOLTAGE REGULATOR 

A constant-voltage transformer, which 
regulates within 1 per cent despite 
15 per cent line variations, has been 
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modified to reduce its external field 
by 90 per cent. This permits it to be 
located near electronic apparatus.— 
Sola Electric Co., 4633 W. 16th St., 
Chicago 50, Ill 


Circle No. 16 on reply card 





WEIGHT CHECKER 
The  unglamorous-looking product 
shown here packs a lot of performance. 
It handles cartons, bags, and drums 
weighing from 10 to 200 lb, rejecting 
those that are outside of tolerance 
limits and indicating the deviation of 
those within. ‘Tolerances are adjust 
able, and electrical impulse signals 
from the weigher can automatically 
correct the filler for out-of-tolerance 
trends. It can be interlocked with 
conveyor systems, and is available with 
a printout showing the weight of each 
item going through.—Thayer Auto 
matic Checkweight Scale, Rockland, 
Mass. 

Circle No. 17 on reply card 


MODULAR TAPE RECORDER 


Available in models having from one 
to 14 tracks, the FR100 series records 
and reproduces scientific data in the 
dec-to 100,000-cps range 
Plug-in amplifiers are available for di 
rect, f-m, or permanent-magnet-witc 


frequency 


recording. The six standard tape speeds 
range from 1% to 60 in. per sec. Total 
harmonic distortion is approximately 
| per cent, and flutter and wow are 
0.3 per cent peak to peak. The unit is 
capable of operating over a wide range 
of environmental condition Am 
pex Corp., 934 Charter St., Redwood 
City, Calif. 


Circle No. 18 on reply card 


IMPROVED PLOTTERS 


A new series of the 
scope plotters features 
main casting, faster response, and 
greater accuracy. Input may be a 10-k 
pot, for which a scale of 1/10:1 to 
10:1 can be used, with the zero placed 
anywhere.—Librascope, In Glen- 
dale 1, Calif. 


Circle No. 49 on reply card 


familiar Libra- 
solid one-piece 





DIMENSION CONTROL 
The MYKE-A-TROL uses differential 


transducers with full scales from 0.1 
in. to 100 microinch to operate relays 
around high and low limits. Accuracy 
of 2 per cent is claimed. The device 
is offered for services ranging from 
metal-cutting and grinding-tool con- 
trol, sequencing and inspection, to 
pressure control (sending a_ deflec- 
tion).—Industrial_ Electroni Inc., 
Detroit, Mich 


Circle No. 20 on reply card 


TRANSDUCER CONTROL 
One cabinet houses the means for 
utilizing three basic types of trans 





“T thought I had a problem but 


has my automation job done for me!”’ 


Engineers designing precision, automatic, “fool proof” 
systems for measuring DC and AC voltages, DC and AC 
ratios, resistance, frequency 
Go/No Go values — often find that combinations of stand 
ard E-I instruments give them the exact system they need 

at a fraction of the cost of custom systems, to say noth 
ing of valuable engineering time saved 

Combining E-I DC and AC Digital Voltmeters, DC 


requiring both absolute and 


FEATURES OF E-I SYSTEMS 
VERSATILITY —Combining standard, modular units provides 


systems that give absolute plus Go/No Go values Changing 
requirements does not require equipment redesign. Operates 
all machine print outs 

AUTOMATIC OPERATION — Designed to eliminate hand opera- 
tions frorn input to output data 

SIMPLICITY OF READ OUT — Combining visual, in-line read out 
with print out gives unmistakable results 
PRECISION PLUS SPEED — Measurement 
rately and reliably with E-I design: 
PROVEN RELIABILITY — Hundreds of rigid applications of E-I 


instruments and systems now in the field 


made quik kly, accu- 


GO/NO GO SYSTEMS Systems 


checking AC, DC,4l, f to desired limit tem combine 


ure available for a variety of applica oltmeter and Input S« 


tions. The tem above measures resist 
ance differences between a number of vatically and values printec 
resistors, presenting these differences as 
percentage 


equentiall 





am, -{ ™ 
AUTOMATIC SCANNING AND PRINT-OUT ; . ystem use 
This E-I s : 


inner. 99 


on a Clary 


and AC Digital Ratiometers, Digital Ohmmeters, Digital 
No Go Bridges 


with Input Scanners, Programmers and machine print 


In-Line Frequency Counters, and G 


outs provides coraplete systems from input to output 
ind Dé 
to 0.O1' 


data for automatically measuring A‘ 
and ratios within 0.01% 
1 digit 


voltages 
resistance and fre 
quency within Reading time averages one 


second 


Call your E-I field representative for complet 
information on the variations possibl 
with E-I instruments. He will be happy to answer 
questions about your specific applicat 


The Comple te Line 
of Digital Instruments 


LECTRO 
NSTRUMENTS 


ino 3794 Rosecrans Avenve San Diego, California 


Engineering field offices in major U.S. and Canadian cities 


TELEMETRY —E-I digital 
trument are now 

i for precision mon 
najor tel 

| airframe 

ers in the 

md Can 


I Dig 


iuto- 
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PROBLEM: .\ 
find the A pot" 


DAYSTROM POTENTIOMETER’S MODEL 300-00, the 


tiniest, wire-wound precision “pot” on the market 


The less than dime-sized model, recently improved even 
over the well performing original, is a fly-weight unit 
(2 grams) designed for exacting jobs in minute spaces and 
through extreme temperature ranges 


For your applications demanding higher resistance ranges, 
plus compactness, the slightly larger Model 303-00 is the 
answer. Both models are designed for universal adaptability 
and unlimited stacking (21 per cubic inch for the Model 
300-00). Both are immediately available in standard models 


Some outstanding characteristics: 


Model 300-00 Model 303-00 


Size 0.5” square 0.75” square 
by 0.187" thick by 0.28” thick 


Weight 2 grams 7 grams 

Resistance Ranges 10 ohms to 50K 5K to 125K 
Write today for literature on these or any of the many other pro- 
duction or custom-made precision potentiometers available. Names 
of local representatives on request. 


Openings exist for highly qualified engineers 
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ducers: strain gag 
potentiometer. A 3,00 

frequency and demodi 

cluded for reiuctance units, and 
balances for the other devic« 
channels are accommodated by 
gear in one cabinet, plus a step) 
witch for the automati equ 
calibration of all chann Pace 
gineering Co., 6914 Be ‘ N 
Hollywood, Calif. 


Circle No. 24 on reply 


METER CONTROLLER 
Her 1 controller that 
cording to the location 
pointer without loadin 
ment, and will 

currents. Contacts actuat 
meter pointer imterrup 
light hold temperature 

per cent A variety 


ensing pl kups 1 


maker to go with the 
Co.. 136 \W S2nd St N 
N. ¥ 


Circle No. 22 on reply card 


400-CPS SERVO AMPLIFIER 

A new transistorized servomotor am 
plifier is designed for synchro control 
transformer input and low-impedance 
winding Mark 7 servomotor output 
which it will power for a 07.3 oz-in 
torque. Gain is 0.36 volts pet milli 
volt, or 70 db. Size is 1% by 14 bi 
244 in.—M. Ten Bosch, Inc., Plea 
antville, N. Y. 


Circle No. 23 on reply card 





MEASURES 
VARIABLE 


which can be resolved 
into capacitance change 





TEMPERATURE 








Displacement 


decker . = 


micrometric or macrometric) 


D 2 LTA MEASURE ee PRESSURE 
Dielectrica 


Liquid level 





Vibration, etc 








UNIT...- 


variables with a 


Here is a capacitance-to-voltage DISPLAY ene VIBRATION 


versatility, 


analog transducer so versatile RECORD flexibility ond 


low cost 


that its usefulness is as limitless CONTROL never before possible 


as your own imagination. in capacitive gaging 








as high as 
5 volts per uuf Ae, LIQUID LEVEL 
with a phase sensitive 
SENSITIVITY d-c output signal as 
high as +60 volts, yet 
stable enough to 
measure 0.01 volts. 





just provide a simple power supply and indicator 


TO OPERATE connect the desired capacitance configuration to the 


DECKER DELTA UNIT and an analogous output sig 
nal is immediately available 











Detailed information on the DECKER DELTA UNIT—priced at 
$115.00, complete with probe and cable—is in Instrument Data 
Sheet 901-1, available upon request to Technical Literature Section. 
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NEW PRODUCTS 


ALTERNATOR REGULATORS 

Four types of ac voltage regulators 
for 30-kw engine-driven alternators 
are built to military standards. Two 
moderately priced models, for 400 
and 60 cps alternators, regulate within 
1 per cent with response from 1 to 2 
sec. A medium-priced unit, for 400 


BUILDING cps only, regulates within 4 per cent 
and in 0.12 sec, while yet another 

re 45 model provides 4 per cent regulation 
BRAINS within 0.09 sec.—Arga Div. of Beck 

man Instruments, Inc., South Pasa 


is OUR dena, Calif 
‘ Circle No. 24 on reply card 


: 


For more than 40 years North has pioneered 
in engineering and manufacturing “brains” 
for switching, supervising and recording, in 
communications and in systems or com- 
ponents for: 


®@ Computation 


pcr secaaee, and control of un | TAPE ELECTRONICS 
All the circuitry necessary for direct 
Data input and output sequencing. recording of a data signal on magnetic 
tape is built into amplifier Type 34, 
and everything required to read the 
Missile guidance. signal back again, including equaliza 
tion, is built into T'ype $82. Frequency 
response ranges from 50 to 80,000 
Many other “automations.” cps, depending on tape speed. ‘The 
little units operate directly on 115 
When you must meet critical industrial or vac power. Signal-to-noise ratio is at 
military specs which go beyond the usual least 35 db.—The Davies Labora 
meaning of “dependability” call on North to tories, Inc., 4705 Queensbury Rd., 
collaborate in or take over your problems. Riverdale, Md. 
Circle No. 25 on reply card 


Memory and reporting functions. 


Other airborne automatic controls. 


Our field engineers are strategically located 
in the important industrial areas. TEMP SWITCH TEST SET 


v tial and calibration.—Ram Meter, Inc., 
INDUSTRIAL DIVISION 532 S. Market St., Galion, Ohio 1100 Hilton Rd., Detroit 20, Mich 


Circle No. 2G on reply card 


a A new temperature switch test set op 
4 at erates in a range of from 200 to 1,000 
AN NORTH Beeas se- COMP A NY deg F to indicate operating differen 
is 


130 CONTROL ENGINEERING 





TORQUE SOURCES 


SPEED CONTROL 


\ new speed-control package provides 
continuous torque through a 25:1 
speed range from a fractional horse 
power motor. Eddy current clutch 
coupling provides speed ratios through 
a range of 100:1. Electronics control 
insures speed stability within 2 per 
cent.—Dynamatic Div. of Eaton Mfg. 
Co., Cleveland 10, Ohio. 


Circle No. 27 on reply card 


SPEED-CONTROL SYSTEM 

\ single power unit supplies three 

phase ac to any number of motors for 

simultaneous speed control of them 

all. A total of 50 hp can be controlled. 
U. S. Electrical Motors, Inc., Box 

2058, ‘Terminal Annex, Los Angeles 


54, Calif. 
Circle No. 28 on reply card 


GEARMOTORS 

Gearmotors for ac or de from ] 
through 60 hp are said to incor 
porate oil seals that allow mounting 
in virtually any position.—Reliance 
Electric & Engineering Co., 1088 
Ivanhoe Rd., Cleveland 10, Ohio 


Circle No. 29 on reply card 


SYNCHRONOUS MOTORS 


Small, light, and efficient hysteresis 
synchronous motors, which can turn 
out up to 24,000 rpm, are offered for 


EAGLE 
CYCL-FLEX reset timer 


for 
machine 
control 
panels 


Insures dependable operation and 
simplified control circuits 


Designed with a sealed dial that covers the elapsed time 
indicator, the Cycl-Flex Timer permits direct mounting to 
machine panels that are exposed to oil and dust. Timer 
switches control four load circuits. Interlocking contacts pro- 
vided without the use of auxiliary relays. Synchronous motor 


drive insures accurate timing. 


The Cycl-Flex is one of the Eagle family of 
timers designed to fit into every industrial 
time control need. Eagle sales engineers, 
located in 30 principal cities, will analyze 
your timing applications without obligation. 
FREE AUTOMATION BOOKLET 
MAIL COUPON TODAY! 


le Signal Corporation 
industrial Division, Dept. CE-756 
Moline, Illinois 


Please send Bulletin 120 containing comp! 
Cycl-Flex Reset Timer and {re 
What Timing Can Do for You 


NAME AND TITLF 


COMPANY 
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CONTINUOUS SUPPORT AND 
PROTECTION FOR 
INSTRUMENT TUBING 


Tubing may readily be run to individual instruments or panels as needed. 


Delicate instruments quickly become useless without adequate tubing support. 
Instrof provides a flexible, simple-to-install system for maximum efficiency and 
dependability at minimum cost. Famous Pin-Type Coupling available for wide 
range of standard fittings and runs. 


Instrof is a system of Prefabricated Expanded Metal Trough specifically designed 
for rigid, continuous support and protection of instrument tubing. All parts are 
hot-dip galvanized for long life. Widths of 3’’, 6’’, 9°’, 12", 18", and 24”, 
lengths of 8’, 10’, and 12’, and a complete line of fittings allow the Instrof 
system to meet the demands of virtually any plant layout. 


Exclusive Pin-Type Coupling speeds installation and reduces labor costs. Just 
two coupler pins and a bottom plate are needed to complete a connection. 





la 


Drop-out is one of many standard 
fittings that keep an Instrof system 
flexible, yet simple to install. Ex- 
pansion is a simple matter with an 
Instrof system as additional tubing 
may be laid in existing trough. 








% 
INSTROF corp. : 


DIVISION T. J. COPE, INC. 


COLLEGEVILLE 20, PENNSYLVANIA 
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NEW PRODUCTS 


specialized instrumentation 
tions. ‘The maker claims very high hp 
output on one-, two-, or three-phase 
inputs—J. B. Rea Co., 1723 Clover 
held Blvd., Santa Monica, ¢ 


Circle No. 30 on reply card 


ipplica 


MISSILE MOTOR 


\ new rugged air motor weighing but 
14 Ib will develop 23 hp per 100 psi 
of inlet pressure, and will accept in 
puts near 5VU psi, producin YUU te 
6,000 rpm. ‘The motos 

holdin 

within 2 per cent. Inlet 

in excess of 1.000 deg F have been 
used to power the devic I is long 
as 2 min.—Bendix Pacifi 160 Sher 
man Way, North Hollywood, Calif 


Circle No. 31 on reply card 


with governor 


i-IN. GEAR HEAD 

Gear head model 750-GH weighs onh 
14 oz and measures 3? in. in diam bi 
A starting torque of only 
0.004 oz-in. and reduction ratios of 
up to 650:1 suit the item for aircraft 
ind missile control system.—Bowmat 
Instrument Corp., 2615 Pennsylvania 
St., Fort Wayne, Ind 


Circle No. 32 on reply card 


| in. long 


DIALED RATIOS 


Dial-selection of speed 
vantages of positive gi 
been combined in the INSCO Step 
Function Speed Reduction. Reduction 
ratios up to 1,500:1 for torques near 
30 oz-in. and input speeds up to 500 


rpm are accomplished through a 
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Lepel 
HIGH FREQUENCY 


{ 
. Forcahdls lion 


HEATING 


The Lepel line of induction heat- 
J ing units represents the most advanced 
7 thought in the field of electronics as well as 
J the most practical and efficient source of heat yet 
© / developed for industrial heating. With a background of half 
“f acentury of electrical and metallurgical experience, the name Lepel 
has become the symbol for quality in induction heating equipment 
embodying the highest standards of engineering achievement, dependable 
low cost operation and safety. 


if you are interested in the application of induction heating you are invited 
to send samples of the work with specifications of the operations to be 
performed. Our engineers will process these samples and return the com- 
pleted job with full data and recommendations without any cost or obligation. 


TYPICAL INDUCTION HEATING APPLICATIONS 


The illustration shows a lens grinding 
block being heated within the dome 
shaped work coil. The heat- generated 
in the metal block softens the pitch 
enabling the operator to remove the 
ground lenses and insert the next 
batch. The entire operation is com- 
pleted in a few seconds. 


A widely used application in which sev 
eral assemblies, consisting of a brass 
body, six radiator fins and a mounting 
stud, are being soldered simultane 
ously. The production of similar parts 
can be further increased by using two 
work coils and a change-over switch. 


Electronic Tube Generators—1 KW; 22KW; 
5 KW; 10 KW; 20 KW; 30 KW; 50 KW; 75 KW; 100 KW. 
Spark Gap Converters 2 KW; 4 KW; 7% KW; 15 KW; 30 KW. 


WRITE FOR THE NEW LEPEL CATALOG . . . 26 illustrated pages packed 
with valuable information. 
{+ | oe pe kL 
Mis « ) ° ° | aT} All Lepe!l equipment is certified 
wee c a lume be | to comply with the requirements 


of the Federal Communications 
Commission. 








— ae 





LEPEL HIGH FREQUENCY LABORATORIES, INC. 


TREET th AVENUE Ww f NEW YOR ity es 
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NEW PRODUCTS 


+-by-4-by-3-in. assembly INSCO Cr 
Div. of Barry Controls | Groton 
Mass 

Circle No. 33 on reply card 


CONTROL VALVES 


SOLENOID SHUT-OFF VALVE 

Available in normally-op 

mally-closed versions, a n 

noid-operated shut-off va 

lon or stainless-steel seal 

Its other features 

> pressure ranges to 3,0 

P temperature range fr 

to plus 275 deg I 

P current drain from | it 

vac 

Model 21A as it is cal offered 

for aircraft or industria icumati 

systems.—National Aircraft Corp., 

3411 Tulare Ave., Burbank, Calif 
Circle No. 34 on reply card 


PNEUMATIC CONTROL VALVE 
lor use as an interlock transfer, 
Or sequence valve is a new 4-iln pilot 
air valve, which features a design en- 
abling more than 3,000 different two-, 
three-, and four-way valves to be assem- 
bled from a few basic parts. ‘They 
may be manually, electrically, or pneu 
matically operated. Or, two diffe: 
ent types of operators m isseIn 
bled on the same val It will take 
temperatures to 200 deg | 
ures to 250 psi.—Indust 
Div. of Westinghouse Air Brak Oo 
1943 Herman Ave., Wi ling, Pa 
Circle No. 35 on reply card 


IMPULSE VALVE 

Basic improvements a ied for 
1 solenoid-operated valve that requires 
only a triggering pulse for operation. 


Internal ports are 4+ in { 1 wide 


variety of actuating sche vail 
ible, from solenoids t tton 
Humphrey Products, General Gas 
Light Co., Kalamazoo, Mic! 


Circle No. 36 on reply card 





.. se S/ZE Synchioe. 


with No Sacrifice in Accuracy 





SYNCHRO FUNCTION CPPC TYPE | Input input Input Ohms Output Sensitivity | Output Sensitivity Input Input Input Phase Shift Nulls Possible Length 
V400cy Amps Watts (DC) Rotor (MV deg )| Volts (MV deg) Volts Amps ls iiss 8S Sh (WY) tow Set inches 

Torque Transmitter CGC-8-A 7| 260100 5 - 11.8 200 2 54+)260 124)45 644 196 K } 1.240 
Control Transtormer CTC-8-A-1| 260 050 25 , 118 200 2 2 2204+)740 284 5110 246460 ( 1 240 
Control Transformer CTC-8-A ‘| 


ae” tame - , 508+ \1680 674-j270 6404415 9% 1.240 


Control Differential COC-8-A-1 _ _ 3 7 384-5122 +4120 +413 0 j } 1 246 
Electrical Resolver CSC-8-A-1 260 039 43 06 ( ) 27 280 + \600 

| | 
Torque Receiver CRC-8-A-1| 260 100 37 | . ; 54+ \260 


Vector Resolver CVC-8-A-1] 1.26 057 ; 27 103-4 )444 


Output Sensitivity CPPC TYPES WEMARKS 
Volts (MV deg ) 

Transmitter->( 2 Z 408 C )pCIC BRAS 

Transmitter >( y } 407 CGC# )>CIC BRAS 

Transmitter->C , lil ) > 8 PCcIC RAS 

Transmitter->4 Parallel CT's 6 145 is : 7. >4y CIC BAA 

Transmitter->Ditterential-»C T 7 134 8 CGC & >COC 4-A-1>CTC 

Series Vector-> Electrical Resolver 103 b : LA L>CSC RAS 

Series Vector Resolvers 110 y ‘ 1>CVC.#A-1 

Transmitter» Receiver 200 (| SGC PCRC BRA! 


LOOK TO CPPC FOR ‘pRoDU SYNCHRO PROGRESS 
; ; 
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OXYGEN 


key to modern industrial processes 


Control it with... 


OXYGEN ANALYZERS! 


Arnold O. Beckman instruments 


application 


As 


Oxygen is one of the most impor 
tant factors found in modern chem- 
ical and industrial processes, Whether 
to minimize product oxidation (pre- 
pared atmospheres, air infiltration, 
etc.) ... or to insure adequate oxygen 
for efficient combustion (boilers, 
kilns, etc.)...or to control oxygen 
for proper process operations (am- 
monia, acetylene, air fractionation, 
etc.) oxygen control has become too 
important in today’s operations for any 


profit-minded executive to overlook. 

And because they are the only instru- 
ments that measure oxygen content 
directly, accurately and conveniently, 
Arnold O, Beckman Oxygen Analyzers 
have become the leading instruments 
for modern oxygen control in a wide 
range of applications —from catalytic 
refineries to cement kilns—from power 
plants to personnel protection 

These instruments (and systems) can 
be built to meet your individual needs. 





These instruments 
otter many unique advantages... 
SELECTIVITY: Highly sensitive to oxygen 


gases other than oxygen are negligible 


HIGH ACCURACY: 1% 
Oz on range 0-5% O 


Effects of 


of full scale (Example: +0.05% 


MANY RANGES: Full scale ranges from 0-1000 ppm or 
up to 0-100% O Combustion ranges 0-5 
0-10, 0-15% O» supplied with 0.25% 0, 
Multi-range instruments available 


RAPID RESPONSE: Standard Analyzers 
in less than 1 minute 
in 7 seconds! 


USE ANY RECORDER 


eters; current output for miniature electroni 


available 


check range 


95% response 
Special Units 95% response 
Millivolt output for potentiom 
recorders 
and gaivonometers; air output for pneumatic receivers 
and control systems 

PACKAGE UNITS: Analyzers and controls may be built 
into a cubicle with sampling components wired, piped, 
and ready for installation as a single unit 

SAMPLING SYSTEMS: standard systems 


Complete 
components, package or portable units are available 


LU] DVANTAGES: instruments may be mounted in 
explosion-proof cases, mounted indoors or outdoors, 


in portable panels, and have other desired features 


Send for helpful free 
literature which describes 


in detail, When writing, 
outline your particular 

we'll gladly supply 
specific information. 





Model F3; Ranges of 0-1%, 0-5%, 
60-10%, and higher. Meter on door 
for convenient readings at sampling 
point 


Model G2: Full scale ranges 0-0.1%, 
0-0.5%, and others for low 0, con 
tent. Ranges 90-100%, 95-100% O» 
for high O, content 











The above are but two of the complete line of 
Arnold 0. Beckman Oxygen Analyzers available 
for every requirement 


ANALYZERS 
Profit Builders for Industry 


1020 Mission Street 


k for Data Pile 20V-76 Sout 
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h Pasadena, California 


NEW PRODUCTS 


SOLENOID VALVES 


4 new line of two-wa cnoid 
operated shut-off valves for 3,000-psi 
service offers extremel 
in the closed position the 
maker. Sizes available a | are 
for 4-, #@-, or 4-in. hydraulic tube 
systems 


iKAg¢ 


Operating rang f 
tinuous duty coils is 15 

at temperatures up to 160 
Aircraft Products Co 

Rd., Bridgeport, Pa 


the con 


Circle No. 37 on reply card 


SOLENOID VALVE 


A new 
way 


direct-solenoid-cont 
valve is said to have 
moving parts, and both 
inspected by loosening 
It’s available in 3 
sizes. Coils are de 


two 
two 
fully 


nut 


only 


ind 
ined fi witinu 
Airmati Valve 
Associate A ( eland 


pipe 


ous ope rations 
Inc., 7317 


9, Ohio 


Circle No. 38 on reply card 


GAGE SAVER 

littl i 

for protes ting instrument lrauli 
lines shuts off flow at 
pressures from 50 to 5,000 psi, tol 

iting a maximum of | Lh 
lisher Controls Co nth 
St., Santa Monica, Calif 


Circle No. 39 on reply card 


\ compact 


or pne umatn 


NUMERICAL 
IN NATURE 


DIGITAL READOUT 


Digital readout of Minneapolis-Hon 
eywell Series 156 Circular Scale In 





SMALLER SIZE, LIGHTER WEIGHT 0f the new Sola Type CVH regu 
lating transformer design is shown by the comparison of 1000va 
units shown above. The new unit shown at the right utilizes a single, 


rectangular housing that replaces the core-and-coil-assembly and 
separate neutralizer component. Also available in the new design 
are 250 and 500va capacities. Finish 


hammerloid 


New Sola Harmonic-Neutralized 
Constant Voltage Transformers 
greatly reduced in size and weight 


Now the valuable performance features of the Sola 
Harmonic-Neutralized Constant Voltage Transformer 
(Type CVH) are offered in a new unit design that 
provides up to 60% reduced size and 54% lighter 
weight. In addition to significant size and weight reduc 
tions, the new Sola Type CVH regulator design provides 
the lowest external field of any stock static-magnetic 
stabilizer available. 


Essentially, electrical characteristics of the new Type 
CVH regulator are unchanged. Stabilization is +1% 
regardless of primary voltage swings over a newly 
expanded range of 95-130 volts. Sinusoidal output is 
delivered with less than 3% harmonic distortion at rated 


TRANSFORMERS 


CONSTANT VOLTAGE TRANSFORMERS for Reguiation of 





load, The nominal output rating has been raised to 118 
volts to correspond with similar input reratings of 
electronic and other equipment 

Sola harmonic-neutralized regulators may be used for 
the most exacting applications with equipment having 
elements which are sensitive to power frequencies hat 
monically related to the fundamental. They are espe 
cially suitable for input to a rectifier when close regu 
lation of the de output is required 

New design Sola Type CVH regulators are available 
in three capacities 250, 500, and 1000va. For specific 
advice on your particular application, consult your Sola 
representative listed below. 


Request Explanatory Circular 


SOLA ELECTRIC CO 
4633 W. \6th Street 
Chicago 50, Illinois 
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Bourns 


—a complete line 
designed for 
high range— 

with stainless steel 
or beryllium copper 
construction. 


actual size 


designer and manufacturer of its own Bourdon tubes—now brings this 


proved component to absolute and differential pressure potentiometers. Three instru- 
ment models are provided for an extensive range of applications. 


COPR, BL 


Model 704 

Differential Pressure Potentiometer -for corrosive fluids 
This unit has a stainless steel Bourdon tube and fittings, 

to withstand fuming nitric acid and other corrosive fluids. 

All mechanical joints are Heli-arc welded. The instrument will 
measure differential pressure between two high pressure sources. 


Model 705 

Absolute Pressure Potentiometer 

This absolute pressure potentiometer measures pressures 
in ranges of 0-100 to 0-1000 psia—extending the range 
of Bourns Aneroid Capsule instruments. 


Model 706 


Differential Pressure Potentiometer — for non-corrosive fluids 


The Bourdon tube in this high range instrument is made 
of berryllium copper for use with non-corrosive fluids 
With the low pressure port vented to the atmosphere, 
this unit can be used as a gage pressure instrument. 


All models have a durable stainless steel case... compact 
configuration... excellent linearity, resolution and hysteresis. 

The rugged linkage system and Bourdon tube assembly 

provide excellent shock, vibration and acceleration characteristics. 
All models are now in quantity production. 

Write for new literature. 


QURNS LABORATORIES 


General Offices: 6135 Magnolia Avenue Riverside, California 
Plants: Riverside, California—Ames, lowa 
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dicators results when this decimal 
digit output converter is installed. 
It fits inside the indicator case. Out 
put of the converter can go to an 
IBM punch, electric typewriter, or 
printer—Hanson Gorill-Brian, Inc., 
Glen Cove, N. Y. 

Circle No. 40 on reply card 


VARIABLE TIME BASE 
Rates can be measured according to 
time bases variable from 0.001 to 
10 sce in 1 millisec steps, and 0.0001 
to 1 sec in 0.1 millisec teps, and 
0.0001 to i0 sec in 0.1 millisec steps 
— Computer-Measurement Corp., 
5528 Vineland Ave., North Holly 
wood, Calif. 

Circle No. 44 on reply card 


VARIABLE SCALE COUNTER 


A new variable scale counter features 
neon bulb count indication and opera 
tion on 0.1 microsec, 30-volt pulses 
It can be used as a preset counter or 
scaler with inputs up to 500 ke. Scale 
factors of 2 through 10 are available 
by a twist of a knob.—-Burroughs 
Corp., Detroit 32, Mich 

Circle No. 42 on reply card 


INTERVALOMETERS 


A variation of the compact digital 
assembly that led off the New Prod 
ucts section in May (page 112) 1 
offered as a precision pulse generator 
or interval timer. Intervals of 1 milli- 
sec to 1,000 sec can be selected within 
1 millisec or from 100 microsec to 
100 sec in 100 microsec steps, or from 
20 microsec to 10 sec in 10 microse 
steps. The little dictionary-sized ma 
chines contain a crystal clock oscil- 
lator and counting circuits to obtain 
the claimed precision.—The Jacobs 
Instruments Co., Bethesda 14, Md. 

Circle No. 43 on reply card 


PULSE TRANSFORMER KI 
Ten Mil T-27-type pulse transformers 
are included in a new kit for plug-in 
blocking, oscillator, and impedanc« 
matching applications—C-B-C Elec 
tronics Co., Inc., 2601 N. Howard 
St., Philadelphia 33, Pa 

Circle No. 44 on reply card 
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THIS Is CY’ PAK 


to eliminate maintenance on industrial control 


Now you can break the downtime barrier 
to further expanding industrial control. 
Westinghouse CYPAK* provides two 
bold, new advantages to jump the limi- 
tations of mechanical relays. 

First, unlike the mechanical relay, 
CyYPAK has no moving parts to wear, 
corrode, jam or otherwise cause failure. 
Data processing is carried out by mag- 
netic “make and break” of currents 
giving CYPAK a life at least 15 times that 
of conventional relay systems. 

Second, CYPAK is given greater pro- 
tection against the mechanical shocks 
and corrosive elements of industrial ap- 
plications. Each component panel is 
®Trade-Mark 


sealed in a solid block of plastic. CyYPAK 
systems are built up from an enclosed 
power channel into which the Cypak 
elements are plugged in, locked in 
securely. Signal terminals are joined 
with push-on sleeve connector 

Sut get all the facts on the challeng 
ing advances made in CYPAk. Call your 
Westinghouse sales engineer today 

j-01004 

Write today for your free 
copy. The Whys and Where 
fores of Cypak, Booklet 
B-6584. Westinghouse Elec- 
tric Corporation, 3 Gate- 
way Center, P. O. Box 868, 
Pittsburgh 30, Penna. 


WATCH WESTINGHOUSE 


WHERE THE FUTURE /S ALREADY IN PRODUCTION! 
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NEW PRODUCTS 


You Can't Beat 
a Bryant RELAYS & SWITCHES 


Drum 


DC STOP CLOCKS 

The use of a governed dc motor | 
vides a new series of top clock vith 
timing accuracy within 0.2 per cent 
of reading over input variation of 

to 30 volts. Electrical reset is feature 
with readings to within | nillisec 
ind ranges up to | min The A. W 
Havdon Co., Waterbury, ( 


Bryant magnetic Drums Circle No. 45 on reply card 


for semi-permanent storage of deta in HIGH-SPEED RELAY 
digital computers or for use as delay lines 
\ new high-speed relay i l to | 
unaffected by shock of ind 
ibration of 10 g at 10 | Pull-in 
Designed to purchaser's requirements time is 200 microsec, drop-out 300 
microsec. Contacts are rat t 
00 ma, and the who 
Air bearings or super-precision ball bearings 1 life expectancy of I 
hour it 400 cps operat Ih 
Bristol Co., Waterbur ( 
Capacities to 5,000,000 bits Circle No. 46 on reply card 


Guaranteed accuracy of drum runout .00010" T.I.R. or less 


Belt drive or integral motor drive, speeds to 100,000 RPM 


Vertical or horizontal housing 


Head mounting surfaces to suit 


High density magnetic oxide or electroplated magnetic alloy coating 


High Speed Motors, Spindies and Drums 


Bryant designs and manufactures electro-mechanical 


components for precision operation up to 200,000 SE ee ee ee 


RPM, to your requirements. If you have a problem in pen nc gh It u 
Cally sealec relavs to if t 40 
applying high speed rotating equipment to your prod- steps per sec, displaying a resolution 
of 12.5 microvolts. full ) 
It can be used for continuous print 


uct, write Bryant today. 


out operations, with 20 readings per 


Sec Non-Linear System In Del 
Mar Airport, Del Mar, Calif 
Circle No. 47 on reply card 
BRYANT GAGE and SPINDLE DIVISION 


P. O. Box 620-L, Springfield, Vermont, U.S.A. CYCLE TIMER 


DIVISION OF BRYANT CHUCKING GRINDER CO. Intervals from 0.2 to 200 s on 
and 0.1 to 60 sec “off” are availabk 
to within 1 per cent accurac' 
an improved repeat cycle timer using 
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This effluent is controlled at pH 7 


--.as it flows into a creek in northern Penn 
sylvania, from a large H2SO, plant. It always 
meets State “clean streams” requirements for in 
dustrial wastes because of its L&N pH Control 
System which includes Speedomax recorder, LAN 
Control Unit, Valve Drive Mechanism, and pH 
electrode assemblies like this flume-mounted unit 

The first step in applying this close control is 
L&N’s pH Controllability Analysis. This unique 
appraisal of the process’s controllability factors 
(type of waste, variations in flow and concentra 
tion, etc.) tells us whether your presently-instal- 
led treating process is actually controllable 


within the limits you impose, and if not, what 
must be done to make it controllable. Then we 
translate these data into the answer 
engineer an efficient treatment system 

Process Data Sheet 700(2 L&N Speedomax 
Control of Plant Waste Disposal Processes,’ ex 
plains this unique and successful approach to 
waste treatment. Write Leeds & Northrup Com 
pany, 4918 Stenton Ave., Phila. 44, Penna 


you need to 


retry 


' NORTHRUP 


automatic controls ° furnaces 


instruments 
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MELETRON 


DIFFERENTIAL SWITCH 


senses pressure differences 
from .45 to 45 inches of water 


Used in hopper level indicating, on oil burner blower safety 
control, in instrumentation or similar applications where it 
is necessary to sense a pressure difference of 45 to 45 inches 
of water between a variable and a reference pressure. The 
reference pressure may be as high as 30 P.S.L. 





WE BUILD IN 


WE DON’T USE 





EXTREME ACCURACY 
and DEPENDABILITY 


maintained during 
operating life due to 
direct acting design 


LINKAGES & BEARINGS 


which as they wear, 
make the setting 
f the pressure switch 


SS drift. 





OPERATION 
IN ANY POSITION 


which saves the installation 
costs encountered in mount- 
ing a switch that uses liquid 
switching elements. 


LIQUID. SWITCHING 
ee) ELEMENTS 


which make the switch 
diffieult to mount and 
very critical to vibration. 





IMMUNITY 
TO VIBRATION 


you can mount the switch 
directly on your vibrating 
or moving equipment. 





> ACCORDION 
DIAPHRAGMS 


which make the 


pressure switch 
sensitive to vibration. 





Ask for bulletin 227 


BARKSDALE VALVES 


PRESSURE SWITCH DIVISION 


5125 Alcoa Avenue, los Angeles 58, California 
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a radio-type tube and 2RC networks 
It will handle 10 amps.,—G. C. Wil- 
son & Co., 1915 Eighth Ave., Hunt 
ington, W. Va. 

Circle No. 48 on reply card 


ELECTRONIC TIMER 
his compact timer includes a voltage 
regulator and cold cathode tube for 
iong life and accuracy. Intervals 
through the ranges of 0.05 to 1 sec 
and 0.05 to 10 sec are dial-selected 
and can be actuated by momentary or 
continuous signals.—Post Machinery 
Co., Beverly, Mass. 

Circle No. 49 on reply card 


RECYCLING TIMER 
Independently adjustable “on” and 
“off” time ranges of 1.5 to 12 sec 
are standard for the Model 3CK ele 
tronic timer. It requires no warm-up 
time, operates on 115 vac ind handles 
up to § amps.—Farmet Electric Prod 
ucts Co.. Inc., 2300 Washington St., 
Newton Lower Falls, Ma 

Circle No. 50 on reply card 





SORENSEN 


ENGINEERS STANDARD MODELS 
TO MEET SPECIAL REQUIREMENTS 


MODEL 1000S — Automatic 
wide-range electronic regula- 
tion with the original Sorensen 
frequency insensitive circuit in- 
corporating the safety diode. 
Regulation +0.1%. 


MODEL MA1000S — For un- 
attended installations requir- 
ing extremely dependable 
automatic line regulation. 
This tubeless unit offers stable 
long-life performance with 
minimum maintenance. Regu- 
lation +0.5% over wide fre- 
quency range. 


SORENSEN & COMPANY, 


MODEL 10005 








to illustrate this flexibility, engineers can 
now choose from five 1O000VA regulators! 


MODEL 1001 


MODEL D1200SAN 


Want 1000VA capacity in a low cost magnetic voltage 
regulator with 0.5% regulation? Then choose the new 
Sorensen MVR1000; compact, economical. Need 
1OOOVA, but with 0.01% regulation? Then choose 
Model 1001. For any requirement, any application, 
there’s a Sorensen 1000VA unit engineered with you 
in mind. 

And the same thing is true for practically any specified 
requirement in the field of regulated power — what- 
ever you need, Sorensen makes it now or will make it 
to do exactly the job you want done, within the limits 
of your particular application. Sorensen offers you the 
widest possible range of characteristics. For research 
or industry, call on Sorensen — the world’s authority 
on regulated power. 





SEND FOR 1956 CONDENSED CATALOG 
New and more complete — gives condensed specifica- 
tions on a wide range of units for a variety of appli- 
cations. Be sure you have all available information 
when you specify — send for your copy today! 


375 FAIRFIELD AVENUE, 


MODEL MVR1000 


MODEL 1001 
from unique, dependable 


Developed 


Sorensen regulating circuit, 
refined for ultra-precise 


+0.01% regulation 


MODEL DI200SAN — 
+0.25% regulation for 400 
cycle industrial and aircraft 
requirements up to 1200VA 


MODEL MVR1000 


cost compact magnetic voltage 


New low 


regulator for less exacting 
applications. Fully automatic 
+0.5% regulation with fast 


response time 
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the NEW NEW PRODUCTS 


SUPERGAUGE CONTROL 


COMPONENTS 


he 
— s 
is 
a 


HIGH-CONDUCTANCE DIODES 


four new ilicon diode hittl Ove! 


in. long have forward 


maductanc 
of 100 ma with peak reverse voltage 
ratings of 30, 70, 150, and 200 volts 
models 660 to 663 Reverse current 
re about 0.1 microamy 

form performance at el 

peratures are said to sui 
modulators, demodulator 

pensation network lex 


built ment Inc., 6000 Lem 
ees Dallas 9, Tex 


Circle No. 54 on reply card 


to last a lifetime! 


AN'TL-BACKLASH GEARS 


With proper application, the new USG Supergauge will last Stock — anti-backlash pi 


a lifetime! gears from | to 2 in. pitch 


i P . . wailable in 144- or 20-deg p 
SEGMENT — stainless steel, with nylon-faced gear section. wideithedh tines £0 to } rs pitcl 
= ope . . ‘ » : j + TO UV didi p l 
Nylon-to-metal bond stabilizes the nylon against expansion ones aan 2 al 3 ks Wenek om 
and contraction . . . maintains accurate pitch diameter... | in. ‘The maker says he’s expandin 
assures proper mesh with stainless steel pinion under severe his line of stocked ° Nwnam 


temperature and moisture conditions. Gear Co., Inc., Amityville, N. ¥ 
MONO-UNIT CONSTRUCTION— permits easy removal of com- Circle No. $2 on reply card 
plete gauge assembly for inspection and adjustment. 
ARC-LOC MOVEMENT — permits all calibration adjustments of 
gauge assembly from rear without removing dial and pointer. 
LEGEND ON DIAL—gives complete description of socket, Bour- 
don tube and movement material for ready identification. 
MICROMETER ADJUSTABLE SELF-LOCKING POINTER — permits 
accurate repositioning of pointer. 
These features are also available in USG Solfrunt Gauges 
with solid front construction. 
. . ” Bae a a ‘ NE-TO 
Supergauges available in 4!.’’, 6’, and 814” sizes. For RING 
complete information on case styles, materials of construc- 
. ; : . a . ‘ NAL BC ) KI 
tion and connections write for Publication 1819. TERMINAL BOARI 
\ new terminal board kit contain 


100 each of ten populal t px ot 
solder terminals, along with anvils 
and punches for assemb | te 


u LS | iT & D ay TAT ta ty G A u G e& minals are for ve-in.-thick board 


Cambridge Thermionic Cor; 


irp., 44 
Division of American Machine and Metals, Inc. Concord Ave.. Cambridge, Ma 


Home of the SUPERGAUGE Sellersvile, Pa. Circle No. 53 on reply card 
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aed 
Compact Baidwin SR-4 sealed load celis mount conveniently below tank flange 


simple, maintenance-free Baldwin SR-4° system 
proportions 5 ingredients to + 4.0% repeatability 


Automatic proportioning of liquid and solid ingredients 
is achieved in this chemical process by an integrated 
Baldwin SR-4 system. 

Baldwin SR-4 transducers weigh each ingredient as 
it is added to the batch. The load cells transmit signals to 
the indicator-controller, automatically opening and clos- 
ing supply tank valves as required by the formula. This 
closed loop system is instantaneously responsive and 
highly accurate. 

You can have a Baldwin SR-4 electronic control system, 
specifically designed for your needs, for any application 


involving weight, pressure, tension, torque or thrust. 


We engineer the entire system and calibrate it as a unit, 
to guarantee you maximum accuracy. For your copy of 
bulletin 4302, write Dept. 2852, Electronics & Instru- 
mentation Division, Baldwin-Lima-Hamilton Corpora- 
tion, Waltham, Massachusetts. 


Baldwin SR-4 instrumentation for automatic batching includes 
an indicator-controlier-recorder and timer system for each tank 


ELECTRONICS & INSTRUMENTATION DIVISION 
BALDWIN-LIMA-HAMILTON 


DIVISIONS: Austin-Western « Eddystone + Hamilton « Lima « 
Electronics & instrumentation « Madsen + Loewy-Hydropress « 
Pelton « Standard Steel Works 





NEW PRODUCTS 


REMOTE CONTROLLED TY 

A redesigned line of closed-circuit and 
industrial TV equipment includes r 
mote iris and focus adjustment, a 
well as horizontal and vertical motion 
lhe maker says they will tolerate air 
craft and missile use. Housing for 
outdoor mountings ar 

General Precision Laborat 


Pleasantville, N. Y. 
Circle No. 54 on reply card 


RESISTANCE THERMOMETER ELEMENTS 


For Quick, Low-Cost 


SURFACE TEMPERATURE 
MEASUREMENT and CONTROL 


RdF Stikons bond easily to practically ANY surface AVY WHERE 


LITTLE BLOWER 

4 lot of air, hot or cold, can be moved 
by the little fan shown here. Only 
2 in. in diam and 14 in. long, it moves 


“Cylindrical Surfaces in the Hard-To-Reach Flat Sur- Rounded Surfaces on En- 7o cm at free delivery and rie wey 
"ood, Chemical, and Pe- faces Inside Ducts and ine Cowls in the Aircraft at 2 in, stat pressure. Che rotor and 
troleum Processing Indus- Heat Exchangers in the ndustry with minimum mopeller are cast as one pic Wind 
tries, utilizing existing in- Aircraft, Automotive, and obstruction to airflow. impe : , : | : ae 
stallations. Chemical Industries with- ings ar for 400 cps only, l- o7 

- fasetms the few of phase, 200- or 115-volt. Po r con 

Used for reasearch and manufacture in all fields of temperature measure- sumption of the AXIMAX II i 
ment and control, an RdF Stikon consists of a temperature-sensitive grid | watts——Rotron Mfg. Co.. Schoon 
of very fine nickel wire bonded into a paper-thin wafer of flexible, insulat- oo or W ict . wy 
ing material. Bonded by cement to almost any surface anywhere, an ARSE LAU, a entint 
RdF Stikon is unaffected by shock or vibration. Its response to temperature Circle No. §5§ on reply card 
change is extremely fast and amazingly accurate. The thinness of the 
RdF Stikon (.005” to .010") opens up applications difficult or impossible INDUSTRIAL TRIODE 
with other thermal-sensing elements. ; ie ; 
In addition to the standard RdF Stikons tabulated below, special resistance- 


13 watts per plate are dissipated by a 
thermometer elements are tailored to specific customer needs. 


i 

Reliable Type 6080WA, 0 vail 
ible for commercial use. It plugs d 

Resist ance at Temperature Wafer Size rectly into anv 6080 or 6AS7G socket 
70°F (ohms) Range F° Material (Inches) Chatham Electronics D f Gera 

—100° to +-300° Bakelite te Corp., Livingston, N. J 
50. —100° to +-300° Bakelite Hex %x 006 

200. —100° to +-300° Bakelite “x % x .006 Circle No. 56 on reply card 
50. —100° to +-180° Poper Hex % x .006 
200. 100° to +-180° Poper “ox % x 006 ‘HLPRESSURE REGULATOR 
100. —100° to +-500° Silicon-Gloss | Mex %yx.010 | HIGH-PRESSURE 


CO’s new manuall ited 
Send for our FREE Temperature AE's | " 


high pressure regulator tal ip 
Measurement and Control Brochure 4 $00" psi al to oni 1 tain a 
Today. ?, ' 


host of unusual featur \ or’ 
Products ( orp., 616 W Whittier 
| Blvd., Whittier, Calif 


Circle No. §7 on reply card 
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For More 
Information 


from ADVERTISERS 


FILL IN THIS CARD 


—___—___—_—_> 





about 
NEW PRODUCTS 


CIRCLE THESE NUMBERS 





to get 
NEW BULLETINS 
& CATALOGS 


CRs (ee > 
THE NUMBER YOU 
SELECT HERE 


100) GOLD-BONDED DIODES. Clev 
te Transistor Product echnical data 
heet ( miniature diodes of gla 

ing type number, for 
ward current, inverse urrent, peak in 
ve peak operating current, et 
10] VARIABLI V-DRIVES Alli 
Chalmers Mfg. Co. Booklet 20P50, 4 


f this data-packed bulletin 


rse voltage 


t expedite election of drive 


need enter distance 
ind speed range of driven 
machine er tables cover sheaves, belt 
length ! other factor 
l RECORDING TAPI Audio De 
vices, Inc. Bulletin, 6 pp. Notes physical 
haracterist magnetic properties of mag 
netic record tape for telemetering equip 
ment nputers, et I'wo base materia) 
ellulose acetate and Mylar polyester film 
103 MEASURING FREQUENCY 
Sanborn (¢ “The Right Angle”, Vol. 3 
No. 3, 8 py Lead article describes the 
Model 1 ( frequency deviation pr 
am plifie vhicl nverts an unknown fre 
quency int pr portional voltage, and 
then mea it. Auth Arthur Miller 
ngineer 


Sanbor hief electrica 
104) CHART DRIVES. SAMA Tenta 


PAGE 


ADVERTISER NO. 








101 

110 «+411 
119 120 
128 129 
137 138 
146 147 


Standard RC 11-55-1955, 3 pp Per 
to pring -drive n, circular charts used 
ndustrial instruments. Published by 
Recorder-Controller Section, standards 

ome firm two years from May 5, 195 

he date of tentative approval 

ANALOG COMPUTERS. George 
Philbrick Researche Inc. Bulletin, 16 
Gives liberal space to components (an 
ning table identifies each one, shows 
on, and tells what the component 
covers operation, modular con 


ion ipplication 


106) SWITCHES. Carling Electric, Inc 


italog ¢ | p Deal with singlk 


witches operated by 
slide iobs (rotary 
uircraft 
marine, motor control 
LEAK-PROOF PUMPS. Chem 
xp. Bulletin 105 + pp. De 
r series of “canned” centrifugal 
ys protected against con 


and pu h 
automo 


electrons 


1 or leakage 


lakes temperatures 
deg F, static line pressures to 15 


iscosities to centipoises 
8) FERROMACNETIC PLASTICS 
lypenco, Ir Preliminary data bulletin 


p. Text and graphs present physical 
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NAME 
POSITION 
COMPANY 
ADDRESS 

CITY and STATE 


Please type or print plainly 
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JULY, 1956 


NAME 
POSITION 
COMPANY 
ADDRESS 


CITY AND STATE 


Please type or print plainly 


ind magnetic | f berrotran ma 


te | 


rial ‘ i¢ temperature sta 
bility to | i ture stability at 
100 per midity, high impact 
trength, good n eability 
109) METER RELAYS. Assembly Prod 
ucts, In Catak Pj 
ypes of locking ieters whose re 
lay ontact nt t the locking 
il. Reset " or manual. Re 
ponse measure t ASA spe 
1] NICKEI! SNETOSTRI 
PION The Int ial Nickel Co 
Booklet Py \ eati vw the Pilati 
num Meta Section 
of INC LD & i Div 


on de signing tra 


Treats six 


magnetostricti j f nickel 

111) LITERATURE ON NICKEL. The 
International Nick oF i A, 2U pp 
Reviews an a f I} pul ations on 
nickel allo t t ( ecls, nicke 
ast ions, MICK c ind tf 7 and 

kel plating 

112) FLOWMETI r & Por 
ter Co. Cata 16 pp. Treat 
the 1701 Serie b urea =} lowrator 
meter, whose t ibe provides dy 
namic balance | ght of float and 


1956 147 


JULY 





21) DC AMPLIFIER 
vent Div. of Robertshaw 
Co. Instrument data 
All about a tet 
ent-measurin 
stability 
the various mode] f 
2) SOLENOIDS. ( 
Bulletin 200, 6 pp. Data 


ind intermittent-d 





BUSINESS REPLY CARD 


First Class Permilt No. 64, (Sec. 34.9 P. L. RB.) New York, N. Y. 


and dc) and laminated 
le operating voltage 
n and length of tine 
through vil, max stroke, max pull 
PRECISION BEARINGS. In 
il ‘Tectoni I italog AFB-1 


Dimension n gd ratings overt 





Reader Service Department 


CONTROL ENGINEERING 
330 West 42nd Street 
New York 36, N. Y. 


igle-row, double leep-groove-radia 
ind angular-contact anti-friction bearing 
f pecial application Sizes range fron 
n. bores to 24-in. OD 

4) SILICON RECTIFIERS a 
on Electronic Corp. B tins TE 13 


. ] 
| pp. im all. S 
haracteristi nd rrent-rating 

No rves for miulitary-typ viature, and 

Postage Stamp ead-mounted power rectifi All d 

Necessary igned for temperatures up to | deg. ( 
if Mailed in the 125 MINIATURE CONNECTORS 


lectron Div. of Ge ect ( 
Addressee United States oo 1 Electric 
ulletin, 4 pp Seri f connectors Co 


ical tempera 


Postage 
Will be Paid 
by 


ered: 2,000 deg F, high voltage, printed 
iit, rapid disconnect tangular, hexa 





gon, and pressurized 

126) VACUUM-TUBE VOLTMETER 
Ilycon Electronics, In Bulletin, on 
heet Tells about a direc t reading rack 


BUSINESS REPLY CARD 


First Class Permilt. No. 64, (Sec. 34.9 P. L. BR.) New York, N. Y 








mounted instrument accurate to 1 per cent 
full scale on de and resistance, 2 per cent 
full scale on ac. Ranges: 0-1,000 volts a 
ind de, 0 k to 10 meg hms resistance 
127) PERIODICAL. A. Daigger & C 
Apparatus Digest’, 16 pp. Lead article 
by ‘T. S. Hodgkins, V-P of Reichhold 
Chemicals Co., contains some interesting 


Reader Service Department 


CONTROL ENGINEERING 
330 West 42nd Street 
New York 36, N. Y. 


uggestions to industry and educators for 


alleviating the shortage of scientists and 


engineers. It is the first of a series 
templated by the “Digest” 

128 FRACTIONAL-HP MOTORS 
displaced fluid. Handles up to 200 gpm then tabulated. The rest of the bulletin Redmond Co., Inc. Form RB-400, 12 pp 
water) or 400 scfm (air describes readout system miverters, ohm Horsepowers of motors described range 
113) SHAFT SEALS. Crane Packing meters, recorders from 1/50 to 4. Classes include permanent 
Co. Bulletin S-205-2, 8 pp Describe (117) STRAIGHT-THREAD FTI plit capacitor shaded pole shaded-pol 
mechanical seals for corrosive service on lINGS, L&L Mfg. Co. Catalog $ ( mono, and series or shunt. Blowers an 
rotary shafts. Heart is a Teflon wedge + pp. Illustrates about 45 fittings pecial products also treated 

ring, a du Pont plastic. ‘Take temperatures incorporating one of three basic desigr 129) TRANSFER SWITCHES 

ranging from minus 200 to plus 500 deg captive-nut (no O-ring metal ring se matic Switch Ci Pul ath 


} 


h, and pressures to 0 psi and a new O-ring. harts indicate siz pp Discusses “Factors to Consider in t! 
114) ELECTRONIC COMPONENTS part numbers, dimensional data Selection of Automatic Transfer Switche 
ACF Electronics Div. of ACF Indus 118) AIR VALVE. Simplex Valve & Covers capacity, rati transfer spec 
tries, Inc. Assorted bulletins (stapled), 18 Meter Co. Bulletin 200, 10 pp. Describe temperature, design, di ] t 
pp. Cover a vibration calibrator, tube and a “quick opening, controlled closing time delay, accessor 

delay-line computer packages, a miniature valve, which protects pipelines against 130) AUTOMATIC GAGIN Feder 
transmitter printed microwave compo structive effects of water hammer or se Products Corp. Catalog 56AM 

nents, and a few others vere pressure surges. Closure times rang Describes appli ation haracteristics, 
115) POWER-ACTUATED VALVES from 30 sec to several minutes nal units, gage and mponents fe 
The Fluid Controls Institute. Booklet, 119) ELECTRONIC PARTS. Whitso electric, air-clectr le ind a 
12 pp. Details a standard classification In Brochure, 14 pp. Covers stand-off electronic gaging, discusse acl 
and terminology system for these valves and feed-through terminals and plastic and ind “after machine” method 

the result of a project undertaken by FCI Nylon components, the latter including 13] PHASE COMPARATOR 
to “clear up existing semantic ambiguities melamine jacks, pointer knol ind cus ition, Th Bulletin LP 3525, ¢ 

and uncertainties and to give credit to tom-molded product eats device for det gp phase rela 
new and accepted names and terms 120) CONTROL VALVES Valvair ionships in compute etc. Range 
116) MEASURING WITH DIGITS Corp. Bulletin SK356, ¢ pp. Deal: with 60 cps (accuracy t milliradian) te 
Non-Linear Systems, Inc. Catalog 356 ingle- and double-solenoid air, hvdrauli ps (accuracy to 4 radian 

-8 pp. Gives generous space, after a lei mynd vacuum valves rated at more than 32) CIRCUIT SELECTORS. G. 
urely start, to eight of NLS’ 21 digital million cycles and guaranteed against coil eland, Inc. Bulletin 4 CSR, 11 py 
oltmetet Characteristics of all 21 are burnout. Air, hydrau) pressure 250 p (hostrates funct wl mi 
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ing ry solenoid and power-operated + ® 
vin ich Anon ten seen AA Ctic Cargo Carrier Depends 
counting idding, subtracting latching 

and circuit-selecting. Wafer sections pro 

duced for 5, 10, 12, 18, 24 position 

133) VALVES The Mercoid Corp 

Catalog V-55, ; pp Mor than 

valves ome falling into the ategori 

of gas, Hydramotor, and magneti and 

some not, are described her Compr 

ble fluid, liquid flows charted 

134) PORTABLE COMPUTER. Lut 

ton Industries. Booklet, 12 pp. Give 

background, and design, operating, pro 


gramming, application data on the Litton 
20, a twentv-integrator digital differentia 
malyzer of the portable plug in variety 
135) PRINTED CIRCUIT ‘TOLER 
ANCES. Photocircuits (¢ orp Vechnica 
Bulletin P-9, 2 pp These “standards 
cover diameters, locations, hole-to-pattern 
tolerance ilignment, dimensions, line 
vidth and pacing plating ircurt pattern 
to-OD dimension tolerances, et 

13 RELIEF VALVES. Fluid Con 
trols, Inc. Catalog 551, 16 pp. Engineer 
ing drawing performance hart p 
describe such basic relief valves a pilot 
differential-piston guided-piston pring 
loaded, dual-relief. A separate section coy 
ers 30 other model 

137) ASSEMBLY KITS. Servo Corp. of 
America. Brochure TDS 1110, 16 pp. Ni 
components are some of the featur f 
the Servoboard electromechanical kit de 
cribed here Also new: tapped holes in 


the mounting board, one-piece hangar 


mounting clamp with captive screw 


138 POTENTIOMETERS. General 


Controls Co Catalog Spec . drawing 

photographs, et deal with rotary, linear 

multi-turn, and sector precision potentiom Saves 0 Space 
a 


eters made by GCC’s PP Div 
(139) RESISTORS. Hycor Div. of Inte: 


national Resistance Co. Bulletin PH, 4 ALL MODELS... N Ti i d 
pp Tables covering axial-lead, printed J 0 ie 0 s eee 


circuit, radiallead, and solder-lug preci OFF SHELF 
0 wire - wou d esistor: how resistance 
of | aoe to 7 om gohm : ] em ~ 2 DELIVERY Greater Strength 


megohms, 1 ohm to 20 megohms, and 
1 ohm - 20 megohms apace Differential axle loading through T-J Space: 
tel ig one aoe oa maker Air Cylinders forms a controlled walk. 
Cataloe 1-31. 20 pp. Products discussed ' ing beam in this Tera-cruiser, designed and 
taciellis tine combenis valve counbes produced for the Army Ordnance Corps by the 
ind an clectronic contactor. The Atco Four Wheel Drive Co., Clintonville, Wis 

tran system (transducer-transmitter, ampli 


: - Weight of cylinders was important factor in 
fier, and servo), other control systems alse 


y eel oe choosing T-] Spacemakers, which reduce 
141) CATHODE.RAY TUBES Allen ' weight while providing same displacement and 
= fn Mon? lshorsior in Data extra high safety factor. Fast delivery and space- 
Sheet. Lists principal physical and electri saving features also favored T-J. Exclusive with 
il characteristi ind applications of 74 T-J are new Super Cushion Flexible Seals for 
ustom-line CRI for radat illo Air (to 200 P.S.1.) and New Self-Aligning 
di Master Cushion for Oil (to 750 P.S.1.).,Hard 


chrome plated bodies and piston rods are 


graphs, flying-spot miner torag 
play, and pulse and microwave usé 
142 RECTILINFAR RECORDING 
Photron Instrument Co. Bulletin 
Interchangeable recording method 
rectangular coordinate, with hot stylu 
ink, to curvilinear) i iid to be the new 





standard, at no extra cost. Wide range of styles, 
capacities 64,000 combinations off the shelf! 
Write for bulletin SM-155-3. The Tomkins. 


Johnson Co., Jackson, Mich 
feature of Photron’s multi-channel direct MEETS WITH ALL JIC RECOMMENDATIONS 
writing oscillographs, described here 

143) COUNTERS Production Instru 
ment Ce Catalog M 201 pp Cove 
troke and revolution countet rated from 
1-3 billion count 


Ilion pecia rite em (es 10-219-2| / saveo | 
bhic ind individual neal I ATl I ~y - . po TOMKINS-JOHNSON 


Pacemanee 


/ 40% 


/ tract 


haft ' ataaeehmewtned|,|, O1VITORS G18 COO HYRRABLIC Cribmores CoTrre acu 
gi iafts, ete 
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ABSTRACTS 


Improving Response 


rom A Dual-Mode Damper-Sta 
hilized Servo” by J. Jursik, Clevite 
Research Center, and |. I’. Kaiser 
and J. E. Ward, Servo Lab., MII 
ASM taper 56-I1KD-6, presented at 
the Instruments @& Regulators Dis 
Conference on Nonlinearity in Con 
trol System Princeton, N. | 
March 26-28, 1956 


Clutch 


Damper Motor 


<< — i 
gph yy 


Thermostat 


Fig. 1 


The dual-mode 
ervo (Figure 1) minimizes overshoot 
ind reduce ettling time where larg: 
It alters the coup 
ling between the stabilizing damper 
incl the ind load, thus allowing 
the servomotor to accelerate 
ind slew the system to the 
pome 

It is not possible to attain this im 
proved 


damper-stabilized 


disturbances occur 


motor 
rapidly 
command 


transient response in Cas 
mnected to the 


ervomotor, for here the 


vhere the damper | 
ervo-ampli 
amplifica 
Ihe damper must disengage for 
large errors, a dual-mode operation 1] 
lustrated by the block 
Figure 2. The figure 


fer provides only voltag 


tion 


diagram ill 
> 
that al 


i certain value 


shows 


Oarse CTro}l exceeding 


a 
o! FINE - COARSE 
i OATA SwiTCH 


COARSE 
ERROR 
VOLTAGE 








ictuates the clutch to a 
disengagement 

Once the 
zero, the 


omphi h the 


error diminish 

onnects to the 
ervomotor and behaves as an inertia 
ke. Synchronization follo 

I'wo devices were developed to a 
tuate the clutch bi 
coarse error voltage one us 
and the other a magneti 
Although both worked well in th 
laboratory, environmental 
ments under field condition 
the use of the 
hown in 


damper ret 
bra 


predete rmined 
a relay 
amplifies 


require 
dictated 
umplifier, a 
Here the coars« 
voltage is detected and amplified and 
applied to the control winding of th 
magnetic amplifier in the final out 
put stage of the amplifier. The sole 
noid winding of the clutch operate 
from the load winding of the mag 
netic amplifier in 


magnetu 
| igure 


eries with an a 


ource and a silicon diod¢ 


= 5 worts 
Control 
2 

winding 


IN 336 


4002 
WW ~ 


OMA 


r a 
ransitron "1 
L000 aie Contro/ 
IN 336 winding 3\\r NOT 
oe) * ila 


+~/ 008 4 


Olenoid coi 


Vigure 4 
in transient obtained 
the dual-mode damper and it 
mode counterpart. This r 
obtained for 


compare improvement 


response with 
ingle 
pons¢ Wa 
a 53-deg error 


SERVO 
AMPLIFIER 


CLUTCH 
AMPLIFIER 


! 


- - | . 
DAMPER CLUTCH SERVO |. —— 
fcr el es 





J 


| 
| 
f | 

> - FINE 
serco™ SYNCHRO t 
, TRANSMIT TERT? 


t 


seero SYNCHRO 


ONE “| COARSE | 
[TRANSMIT "on 
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FIN } | 
SYNC Ko wens 
TT af 
teh 


COARSE aim 
SyNCHRO | od bs 


| | 


‘ 


FIG. 2 


FIG. 4 


Also discussed in this pape 
use of a slip-clutch to effect 
improvements in stabilizing 


tabilized servo. Graph 
transient response to the for 
gle-mode, dual-mode, and sli lut 
design, at various magnitude 
\s pointed out, the slip-clutch 
advantageous under 
but from a practical point of view 
reliability 
maintaining a constant value of 
torque. This is a difficult req 
in mechanical design 

[he appendix to the paper 
the derivation of the transfer function 
for the damper-stabilized ‘ 
based on the schematic of the damper 
motor combination The resulting 
transfer functions are then placed ap 
propriately within the block 
of the servo svstem 


prove 
certain mdition 


in stabilization pend 


irement 
COVCI 


tem, 


diagram 


Tubing Analyzed 


From “On The Dynamics of Pneu 
matic Transmission Lines” by C,. P 
Rohmann, Minneapolis-Honeywell 
Regulator Co., Brown Instrument 
Div., and E. C. Grogan, Radio 
Corp, of America ASME. paper 
56-SA-1, presented it the Semi-An 
Cleveland 


Conference, June 


1956 


nual 
17-21, 
Ihe authors analyze th cumat 
to det mn ] | 


tributed parameters. And 


transmission line 


o, they borrow from pri 
gations performed by electrical engi 
distribu 


imeter 


! } , 
neers on analogous clectrica 


tion lines. Thus once the pa 


of the tubing are known, the iding it 














UNBURNED GAS 


LOSS EXCESS AIR LOSS 


HEAT LOST IN FLUE GASES 
PER CENT 














TOTAL AIR - PER CENT 


The new Bailey Oxygen-Combustibles Analyzer-Recorder (shown at 
right) provides a continuous two-in-one check of combustion efficiency 
by recording both oxygen and combustibles in flue gas. As shown by 
above chart, both measurements are needed to determine combustion 
efficiency. 


BAILEY announces :-:. 


New 2 in 1 way to measure 
Combustion Efficiency 


The new Bailey Oxygen-Combustibles Analyzer-Recorder gives you a continuing double 
check on combustion economy. [t's fast response measures and records: 


1. Excess air—regardless of the fuel or combinations of fuels being burned. 


2. The mixing efficiency of your fuel-burning equipment —by indicating the amount 
of combustibles in your flue gas, resulting from incomplete mixing of fuel and air, 


Combustion efficiency depends upon fuel-air sharply if there are further decreases in the air-fuel 


ratio. ‘Too much fuel can be even more costly than 
too much air. And because of the interdependence 
of these two factors, no control that measures only 


one of them can give you complete protection. 


Now, for the first time, you can check both with 
a single fast acting instrument, using the new 
Bailey Oxygen-Combustibles Analyzer-Recorder 
for industrial furnaces, kilns, heaters and boilers. 


Fuel economy improves as excess air is reduced 
—until unburned fuel begins to show up in the flue gas. 


When this happens, combustion efficiency drops off 


ratio. That's why combustion gases must be ana- 
lyzed for both oxygen and combustibles to get a true 
indication of efficiency —and that is why Bailey 
coordinates both measurements on the same chart, 
to show when excess air may be reduced safely with- 


out danger of greater losses from unburned gases, 
The Bailey Oxygen-Combustibles Analyzer is 
an approved combustion safeguard 
Ask your local Bailey engineer for suggestions 


on application. Equipment details in Product 


Specifications 65-1 and E12-5. P3t.} 


BAILEY METER COMPANY 


1049 


IVANHOE ROAD © CLEVELAND 10, OHIO 
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ABSTRACTS 


YUM imposes On pneumatic device is well 
as the relation between devic: output 
W 0 oad ind the signal received at the end of 


the transmission line, can be deter 
mined. 
However, the mathematics appear 


somewhat formidabl Fortunately, 


the authors have a sense of practical 


0 t¢ pol ity. Not only have they performed 
VEL CON in erudite task well, but thev have 
c bi ; made some gencral issumption that 
onirol yariations in levels go far toward simplifying matters. In 
from 4 upward Remote : 
control if desired any dis- particular, the results for the standard 


tance. Controls unaffected by o-in ID, 4 in. OD drawn copper tub 
acids, Caustics, pressures or tem- 


ing are shown in numerous graphs 
peratures. 


The first step in the presentation 
Since 1933 B/W Controls have covers the derivations of the resistive 
provided positive, dependable, inertance, and capacitive tubing pa 
economical liquid level control. rameters. The results of the derivation 
No floats! No moving parts 

in liquid. are, briefly 


6 


WRITE FOR CATALOG 


wane B/W CONTROLLER 
FIRST ond FOREMOST CORPORATION 


InN THE FLOATLESS 2212 E. Maple Road 0 
CONTROL FIELD Birmingham, Mich 
where resistance per unit length, 
Ib soc 
in 


in 


inertance per unit length 
Ib sec 
in 
in.® 
capacitance per unit length 


THIS Ib |” 


lb-se« 
viscosity, 
in 


tube inside radius, in 
~ MLELLLEI PRECISION BALANCE 1 = 


mass density 
in.” 


polytropie exponent 
pressure deviation from mean, 


THE NEW TARING DEVICE a 


The next section of the paper ck 
ORB 


velops the transmission-line equation 


GREATEST EASE, SPEED AND PRECISION! for the tubing. In doing this the au 


thors use the surg impedance ancl 
12 TO 20 WEIGHINGS PER MINUTE propagation constants, well-known to 


electrical enginee: hese character 





istics depend on the distributed param 
eters. From these characteristics are 
10 9 2 developed the input-output pressure 


Capacity 


nee. pom ratio vs. frequency, or transfer fun 


reaction TARING RANGE 
+ 
tO2s 
, 


tion, and the driving point impedance 
0009 of the tubing. The authors include 
two charts to yield the hyperbolic 
Write us today for our new booklet describing functions, and two charts that show 
the precision balances. Ask us to arrange for a the propagation constant and = the 

demonstration in your laboratory surge impedance for the standard tub 


ing. 
re Ee Serene CORPORATION Because much investigation of pneu 
BOX 242, HIGHTSTOWN, HU matic 


control systems are performed 


800 » 








| 
4000 9 +039 
| 
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YY Another FIRST’ 


.. by Sess 


AUTOMATIC PLOTTING 


OF RECORDER REFERENCE DATA 














...the NEW REAC” Six-Channe! Pen Recorder 
Reeves pioneer in invention and development of electronic analog computers 
again adds to a growing list of important FIRSTS in this field 


The new REAC Six-Channel Recorder, designed especially for use with analog computers, 
f y i 

is FIRST to embody all of the following requirements for efficient, accurate and 

reliable recording of computer data 


NEW AUTOMATIC CALIBRATION, whereby, for the FIRST time, pen zero set 
attenuation setting and offset for each channel are automatically registered, along with a record 
of the paper speed, at the start of each run 


ZERO TIME MARKER, where a pip marks the point at which recording of each run begins 
COMPLETE OPERATIONAL CONTROL of. one or more analog computers 


from a single recorder station 
ALL CONTROLS directly in line with channels for easy identification 
NEW PAPER DRIVE mechanism with unique electrical speed change and dependable accuracy. 


NEW REEVES A-400 SERIES dual DC chopper-stabilized amplifier units identical with those used 
in REAC 400 Series Computers for stable, balanced performance and simplified maintenance 


SELF-CONTAINED independent plug-in power supply 


Provision for slaving one recorder to another where required, and for control of any 
number of computer units from one recorder 


A range of special optional accessories, such as electric writing pens, event markers for 
random phenomena, and Arabic-numeral-coded run designations 


Write for detailed specifications and additional information 


REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Corporation of America 


209 East Sist Street, New York 28, New York 





REAC Precision Precision SERVO 
Analog a Floated RESOLVERS and MECHANICAL 


Computers GYROS PHASE SHIFTERS PARTS 
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POSITION 


TIAA 
Switch 


ESCO rotary multipole SWITCH 


@ 16 contact positions per pole. 
@ up to six poles, or sections. 
@ panel mounting. 


© electrical rating—5 amperes 
125 volts a-c interrupting. 


@ 22-'," positive detent action. 


@ contact resistance 0.00! to 
0.005 ohms (all-silver con 
facts). 





The ESCO Type HT 
rotary multipole switch 
provides greater versatil- 
ity in an enclosed-type 
switch. The switching ac- 
tion is fully enclosed in 
the molded phenolic 
structure of each section. 
A single knob controls 
the entire assembly per- 
mitting centralized con 
trol of complex circuits. 
Write today for Bulletin 6. 


ESCO »o/ WEYMOUTH 


a7 


The 
Curtiss-Wright 


“SNAPPER” 


NEW CONCEPT... 
IN THERMAL TIME DELAY RELAYS 


Designed for high performance 
and long life, the Curtiss-Wright 
“SNAPPER” Thermal Time 
Delay Relay is proving itself in 
countless applications involving 
time delay in electrical circuits. 
Such applications include cir- 
cuits to provide definite on-off 
time intervals to delay the appli- 
cation of high voltage until after 
warm-up period and for over 
and under voltage protection with 
simultaneous fault indication, 
These relays have single-pole 
double-throw contact action, 
high ambient temperature range, 
freedom from chatter and arcing, 
and are small in size. The 
“SNAPPER” thermal time delay 
relays are factory pre-set from 3 
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— 
ADVANCED DESIGN © 


to 120 seconds. They are available 
in metal envelope, miniature (7 
and 9 pin) or octal (8 pin) and 
in a glass envelope in 9 pin only. 

Curtiss-Wright manufactures 
the High-Low “SNAPPER” Dif- 
ferential Thermostat with high 
precision characteristics. Write to 
Thermal Devices for complete 
information. 


ABSTRACTS 


m analog compute th 
include the lumped paramet 
mations for the pneumat 
ion line Thus, 

accuracy depending 

the ipproximation 

line can be imulate 
parameter electrical 

the compute: 

Ihe work of the autho 
In addition to d 
the mathematical lation 
describe the dynam 


mertonou 


transmission lines, the 
findings by tests on standa 
tubing. Although some of 
differ from the theoretri 
iuthors explain the rea 
differences ) most of th 
the calculated values to 
of icceptability 
Dh graphi il result 
useful to the enginec 
design of pneumati 
lhe wide range of t 
mtain information 
near to those the 
ing. Basically, the te 
iTcgori | COMp 
point impedances 
phase hift VS trequ Th 
engths of tubing 
the tubing propagation 
urge impedance fro1 
frequency-respons« dat 
termination of the fr 
urves for several length 
volumes 
In the third categ 
plot 
P output/input frequency res] 
116 in. of ID copper tubin 
nated in 92.5 cu in 
P output/input frequency 1 
ID dead-ended (1 n 
volume) transmission tubin 
length of 210, 310, and 410 
P output/input frequency re 
ID transmission tubing 
leneth of 210, 310 and 41! 
minating in a large volume 
Some interesting con 
tracted from the paper 
P analvsis brings out the adi 
using a valve positioner 
booster to take the load of the 
top off the transmission lin 
therebv speed up the transmi 
© for tubing lengths exceeding 150 ft 
and at frequencies above 4 cps the 
driving point impedan ipproache 
the surge impedance of the tube with 
increasing frequency and hence tend 
to be indevendent of tubing length 
nd size of the terminating load. A 





Thomas A. Edison Inc.’s 


PERSONAL 
DEMONSTRATION 


shows how you can 


INCREASE 
PLANT 
PRODUCTION 


Takes Only a Few Minutes to Prove Simple 
Omniguard System Protects Bearings and Processes; 
Cuts Down Time; Increases Equipment Life 


Just take a few minutes to prove to yourself how 
Omniguard can make it possible for you to operate 
your equipment at peak production rates without fear 
of breakdowns how this simple temperature detec 
tion system gives you ample opportunity to prevent 
bearing failures or to keep process temperatures 
within limits. 
RECORDS REVEAL FAILURES COSTLY 
Many operators—after a record check—are aston- 
ished to find how much bearing breakdowns have been 
costing them in maintenance and lost production 
They see that the cost is often many times the expense 
of installing Omniguard 
COMPLETE 4-POINT SYSTEM FOR LESS THAN $500 
Consider the thousands of dollars involved in equip- 
ment and production output. Contrast this with the 
fact that one Omniguard unit costs less than $500 
And because of its simplicity, installation costs are 
also low. 
SIMPLE, DEPENDABLE 
Omniguard has no electronic or moving parts. It is the 
most dependable system available today. Modular in 
design, each unit gives you four-point detection. You 


can add as many as you need as you need them 


4, 
: owe st 
ow 4 < th 


A GREAT NAME CONTINUES GREAT NEW ACHIEVEMENTS 


Thomas A. Edisom 


INCORPORATED 


INSTRUMENT DIVISION * GA LAKESINE AVENUE * WEST ORANGE, NEW JERSEY 


Our representatives throughout the 
nation are ready to demonstrate a 
complete Omniguard system right 

at your plant or office. 





sensitive 








A Partial List of Present Users 


American Blower Corp 1-T-E Cir 

City of Chicago Hreaker ¢ 

Combustion North Amer in 
Engineering, In Aviation, li 

DeLaval Steam it Service 
Turbine Co 

Eastman Kodak Ci 

Esso Standard Oil Co 

Florida Power & 
Light Co 

General Elects co 

Hercules Chemica 


To get your free demonstration, just fill owt the coupon below 
Please have representative call for 

to me 

Please send detailed informat 

Name 

Firm 

Address 


Position 


an an aw an aw om aD aD ow am am am om on oe on oe ow ew ew ew ad 
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NEW! 


AGASWITCH 


TRADEMARK 


..t0 introduce A 
time delays into |"™* 


RIA: wy 


electrical AGA 


-—o 


SWITCH 
3 4 
5 Circuit diagram, 
6 double pole unit 


* Adjustable —time delays from 0.1 second 
to 5 or more minutes 
* Manually operated, pneumatically timed 
© Only 3%" x 22" x 2%" overall 
* Both single and double pole types 
* Accurate, adaptable, compact and inexpensive 
Write for details or application +»~ineering 
assistance. Address Dept. A6-720. 


y ’ ELASTIC STOP HUT CORPORATION OF AMERICA 
1027 Newark Avenue, Elizabeth, New Jersey 


DIVISION 








save operating funds 
ZTE 
avoid supply headaches 

















use Technical's RECORDING CHARTS 


Here's a money-saving, time-saving service for you and your 
purchasing people! At one time . . . and on one order... 
you can now order any of 8000 different standard recording 
instrument charts. It's not only a remarkable convenience but 
it brings you the finest products of a specialized chartmaker 
Serving America’s whose only business is producing accurate charts of the high- 
Feremest Industries est quality, Many of America’s leading large ond small “Blue 
Chip” firms use Technical’s unusual service. Send for Catalog 


4 ECHNICA CHARTS INCORPORATED 


BUFFALO 10, NEW YORK 


Nationally Represented by TECHNICAL SALES CORPORATION 
16599 Meyers Road, Detroit 35, Michigan 


Standard Charts @ Special Charts @ Computer Plotting & Printing Paper 
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ABSTRACTS 


imilar situation appli 


over 200 ft and j cp 


Speed-Torque Plot 


rom \ Speed lo ju Curvy 
[racer for Motors’ by Alex Paalu 
O. A. Smith Corp. AIEE Paper DP 
56-512, presented at the Great 
Lakes District Meetin; Fort 
Wayne, Ind., April 16-18, 195¢ 
Ihe author’s methods for obtaining 
in instanteneous plot of speed-torque 
haracteristics are essentially standard 
yut his equipment is not. He credit 
improvements in the latte ith the 
more exact results he ivs he has ol 
tained. He starts off his paper with a 
review of some of these other method 
ind then Zoe s into hi Vi Hi p! ) 
cedure depends on 
© obtaining a voltage pro} 
to the speed of the moto 
P obtaining a voltage proportional 
to the torque developed by the 
motor 
P plotting and splaying 
taneously a graph relatin 
two voltages. 
In the equipment dé 
author ( patent pending the peed 
voltage is obtained from a homopolai 
generator. The generator minimize 
ripple, which could become troubk 
some, particularly at low motor sp 
I'he figure shows a cro ctional view 


























OL/, OL2 — Output leads 
FW — Field winding 
8/, 82 — Contact brushes 
SA/, SR2 — Slip rings on rotor and shoft 
C — Steel core 
S — Shaft coupled to test motor 


of the homopolar generator construc 
tion. 

A valid method for obtaining the 
torque voltage is to differentiate the 
speed voltage, since during the accel 
eration period the acceleration is very 





me NP) CHAMPION 


—— 


wre mp CATHODE RAY OSCILLOGRAIH 
oat) 1 “Aras.” 





CONDENSED SPECIFICATIONS: 


VERTICAL DEFLECTION: sinusoidal response, flat 
to d.c., down not more than 30% at 150 kc; deflec- 
tion factor, 20 p-p mv/inch. 

HORIZONTAL DEFLECTION: identical to vertical 
axis except deflection factor, 25 p-p mv/inch (due 
to higher deflection factor of horizontal deflection 
plates). 

SWEEPS: mode, driven or recurrent; frequency, 2 cps 
to 30 kc; beam gate, automatic during forward sweep. 
AMPLITUDE MEASUREMENT: (both X and Y axes) 
range, 0.1, 1, 10 and 100 volts full scale; accuracy, 
+5%. 

PHASE SHIFT: amplitude controls at max., less than 
1° below 150 kc. 





Not just another low-frequency 


cathode-ray oscillograph but a de 


cidedly grown up instrument com 
bining the best features of the 
laboratory standards by Du Mont 
which have gone before it. All these 


features and more: 


Exceptional stability — all voltages 
regulated 

No drift —less than 10 mv in 8 hrs. 
including 10% line voltage changes 


@ Identical X- and Y-amplifiers 


@ Amplitude calibration on both axes 


Accurate X-Y plotting at frequencies 
from d.c. to 150 ke. 


Ideal for precise phase shift 
measurements—less than 1° relative 
phase shift below 150 kc. 


Superior sweep linearity with 
hard-tube circuit 


Automatic beam brightening 
on sweeps 


Automatic beam brightening 
for transient plots 


High brightness —3KV acceleration 


Provision for very slow sweep rates 


ONLY oe 


IMMEDIATE DELIVERY! 


Write for complete specifications 
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H G Ss 
F LL N 


H E 
c oO 


U 
A 
Research 


and Development 
at Tucson 


The Hughes Research and Development Laboratoric 
have now been extended to Tucson, Arizona, 

where the deadly air-to-air Falcon is 

presently being produced for the U.S. Air Fore 
and ¢ Janadian continental defense interceptors 


This is in line with a long-range program 
that includes application of the Hughes Falcon to more 
and more types of military aircraft 


ENGINEERS 
PHYSICISTS 


New positions are being created in fields of 
spec ialization covering the complete range 

of struc tural, hydraulic, elec trouic, and 

clec tromecc hani al engineering I xperime ntal, 
analytic al, or design abilities will be 


required of those who work in these areas 


Scientifue Staff Relations 


HUGHES 


RESEARCH AND DEVELOPMENT LABORATORIES 


TUCSON, ARIZONA 
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nearly proportional to torque and i 
the time derivative of speed. The 
torque signal is applied to one pair of 
terminals of the cathode-ray oscillo- 
scope that displays the desired charac 
teristic curve. The other pair of ter- 
minals on the scope is fed from the 
output of an amplifier, which receives 
its input directly from the homopolat 
output. Thus the resulting trace on 
this scope axis is proportional to 


pee d 


Piece-by-Piece Analysis 


From ‘‘A Graphical Method for the 
Analysis of Piecewise Linear Control 
Systems, With Particular Applica 
tion to Relay Controls” by R. H 
Macmillan, Cambridge, England 
ASME paper 56-SA-17, presented at 
the Semi-Annual Conference, Cleve 

land, June 17-21, 195 


Macmillan presents a powerful 
graphical technique for the determina 
tion of the transient response of non 
linear contro] systems. In_ these 
tems he includes 
P relay controls 
P relay system with constant output 
loading and dead tim« 
> linear system with asymmetrical gain 
dead band, and saturation 
P linear system combined with relay 
action, and, 
> ipproximation to component with 
variable gain 

The initial step in the graphical 
technique is to find the characteristic 
curves of the system. “The approach 
used is to obtain the exact solution of 
the equations of motion over line 
ections; the displacement and 

. at the beginning of ea 
are then equated to tho 
of the pre ceding section 
lates the velocity at the mon 
the displacement is z 
placement when the vel 
zero, i.e... the maximum 
displacement; the other 
curve relates the initial 1 
pla ement to th 
displacement is next z 
thus relates a velocit: 
ment, as does a phase 
but the two quantiti 


simultaneously as in such 

In any system under investigation 
the properties of it nlinear and 
linear portions cat ve defined. B 
olving the equations of motion th 
maximum  velociti« ind displace 
ments, with time as a param r, form 
the characteristic curve From these 
curves one extracts the ICCESSIVE 





Electronic specialists at Ft. Monmouth SCEL Laboratories checking out radar and computing system designed for field use 


ARMY SIGNAL CORPS ENGINEERING LABORATORIES 


IS A CENTER FOR DEFENSE ELECTRONICS 


The Army Signal Corps Engineering Laborator 
ies at Fort Monmouth, N. J., is a house of ele 
tronic miracles. Some 4,400 scientists, engineers 
and technicians at SCEL, and thousands mor 
working with SCEL contractors, strive constantly 
to keep the United States preeminent in the ele 
tronics essential to modern military demand of other 
The nerves of today’s fighting forces are ele 
tronic. Radar guides, traces and detects missile 
ind manned aireraft. It directs friendly artillery SCEL never « 
ind pinpoints enemy mortars, o1 night troop 
novements. It measures speed and direction of 


nl siles ind Ve hic le Ss 


This is one of a series of ads on the technica 
activiti« of the Department of Detense 


@ FORD INSTRUMENT COMPANY 
ca DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 


Beverly Hills, Cal . Dayton. Ohio 


They need devices to detect dead! itomu 


hydrogen radiation 


ce ViICccs 
in close coop ration with it mal 


firms, in private 


world thi ATO I 





ENGINEERS 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information 


Modern armies need constant and effective 


television, radio and tel phone communications 


and 
And instruments to predict 


weather around the clock in all the world 
Ly velopment of these and an imposis 


i” varicty 
S( | | by Irie Working 


contracting 


industry, both | e and small 


triving tor the electronic 


perfection that « in make the def ot the tres 


pet tot t¢ 


Skilled machinists at Ford Instrument 
Company, manufaoct na precisior 


sorts for an Ara tor computer 
f y y f 
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precision, components 
pay off iw 
ail 


THE A. W. HAYDON CO. SPECIAL TIME DELAY RELAY 
never gives in to severe vibration, shock or sustained acceleration. 
Positive detent arrangement maintains time setting under all 
conditions. Large adjusting knob facilitates changing of time 
Stepless clutch drive minimizes clutch error, 


SPECIFICATIONS 
1.F Voltage Range: 24-29 Volts DC at 68°F. 


setting. 


2. Accuracy over Calibrated Range of adjustment: « 
(a) +0.1 second or +1%, of setting, ander condition 1: 


(b) *0.15 second or * 2% of setting, over wide 
temperature range. 


3. Meet Military Specs. for temperature, altitude, sand and dusf, 
fungus, salt spray, radio filtering. 

4. Vibration: 5-55CPS with total excursion 0.060". 

Current ratings at 29 Volts and room temperature: 


1. Motor— 2. Clutch— 3. Contacts— 
25 Milliamps 200 Milliamps 1.0 Amp inductive 


Time delay period can be adjusted in 2/10 second increments — 
over — of 0.2—-30 seconds, Request) 


PREFERRED WHERE PERFORMANCE IS PARAMOUNT 


WNW, HJAYDON 246 NORTH ELM STREET 


WATERBURY 20, 
Design ond Menulecture of Electre-Mechonical Timing Devices CONNECTICUT 


lowest cost 
per milliwatt 
fo) Melelic))| aa 


ternational 
selenium photo-celis 
and sun-batteries 


° Ambient Temperature Range 
mittent operation 65 to +85 C for continuous duty 


~65°C to +100°C for inter 


Incident illumination intensity range for long life and constant 
output... Standard types...0-1,000 ft. candles — Sun 
Battery types. ..0-10,000 ft. candles 


2 Self generated open circuit voltage 


CA 
ww. 


Tand-leat-idlelal:|Mm-{-tenahit-) « 


Cc oO lal P Oo R A T | ° N 


. 0-0,55 volts al 


ms 


SAECUTIVE OFFICES. EL SEGUNDO, CALIFORNIA PHONE OREGON 6-628) 
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maxima and minima poi 
and displacement and pl 
function of time. Thus th 
points” suffice ntly describ 
ient responses of th« 

tical purposes 

Some insight into the 
the system can be 
malyzing the relationship 
characteristic curves. If 
cross once, the point of 
represents a sustained oscilla 
an amplitude equal to th 
ment at that point. “When th 
acteristics cross more than on 
intersections represent alternate 
ble and unstable states of sust 
oscillation.” 

Ihe author continues with 
tions in various relay-operat 
systems. Starting with an 
circuit, he then adds dead t 
switching operation of tl 
Alteration of the ideal rela 
teristic curves proceeds on 
forward graphical basis for 
involvement. In a similai 
analysis the author evaluate 
of backlash, dead zone, con 
put loading, and solid friction 

Once a system has been 
by this relatively simple graphi 
nique it may be necessary 
certain improvement 
Thus, the 
“dead-zone 


r ‘ 1 
Paincd 


in pe rl 
graphical equi ilen 
break”, “‘front-l 
“variable-lead” added to th 
show how and to what extent t! 
prove operation of relay 
systems 
The usefulness of the art 
addition to introducing 
proach to the analysis 
systems, extends to man 
pared by the author 
®& Allowing for backlash, hy 
dead zone 
> constructing transient 
tional lead 
P finding critical amplituds 
ance to avoid overshoot wi 
amounts of lead and dead tin 
In an appendix to the pap 
Brown, the Royal Naval 
shows the relation between 
acteristic curves and the 
When the displacement 
pear explicitly in the diff 
tions of motion “th 
curves are identical in 
with the phase plane t 
When the di pla ement 
plicitly, the characterist 


ditional 


thes can b 


1 7 " 
raphical struct 


obtained 





Question: How are 


for a given temperature range 


magnets stabilized 


Answer: JT) 


peated temperature cycling over a given 


agnet 1 exposed to re 


range until the non-reversible variation 


becomes ero and remanence at room 


temperature remains the same for each 
additional cyclk 

Question: Can the amount of remanence 
pe rature be predic ted 


variation wit! 


Our field 


which 


this 


have produced quantitative result 


Answer: experiments in 
can be used in predicting both the rever 
ble and the non-reversible variations ir 


remanence resulting trom temperature 


change 


Question: Over what 


can the 


temperature range 
e measurements be applied? 
Answer: Our initial work in this field ha 
been carried ou temperature range 
fron 60°C 


Scientist at control box of a Sanford-Bennett High-H-Permeameter 


measures hysteresis loop of Indox ceramic magnet 


How temperature affects magnets = .'"). «mili 


An interview with Dr. Rudolf K. Tenzer, scientist, provide fa 


The Indiana Steel Products Company 


BECAUSE PERMANENT MAGNET 
remanence changes, resulting from varying 
temperatures, often necessitate corrections, 
compensations, or allowances, Dr, Tenzer 
undertook a series of studies on the subject, 
Some of the data used by him in answering 
the questions posed below resulted from 
work sponsored by the Wright Air Develop 
ment Center of the U.S. Air Force. Reprints 
of an article by Dr. Tenzer on the subject 
are available by writing The Indiana Steel 
Products Co., Dept. P-7, Valparaiso, Ind 
Question: How does the remanence of 


permanent magnets vary with tempera 


, 


ture 


Answer: Normally, remanence decrease 
With an increase in temperature ‘ he 


coming zero at the Curie point, where all 


ferromagnetic properties var 
Question: Does a change in 


result in a permanent chang 


nence? 
Answer: Not necessarily ive 
which we have 


tigation 
conducted show 


temperature effe« on ferromagneti« 


materials reveal both non-reversible and 


reversible variation 


Question: Can the result of these influ 


ences be evaluated? 


Indiana expands research 


and production facilities 


mn at \ alpa 
addi 


Indiana 


dollar 
tion to the matt lant of The 
Steel Product ne tructure will 
xpanded research of 
magnetic! and increased produc 


tion of Ind permanent magnet 


Answer: 
will evaluate the 


Proper measuring technique 


non-reversible varia 


tions as well as the reversible variation 


Question: Are non-reversible variation 


f 


permanent changes in the remanence of a 


magnet? 
Answer: Non-reversibl 
permanent until the init 


ariation are 
ial remanence j 
‘y 


restored by remagnetizing. This effect 


“Cattle Magnets’’ protect Bossie 


from stomach-aches 


not the same as irreversible metallurgical 


changes which prevent restoration of ini 


tial remanence by remagne tizing 


taples and 
auses a di 


Question: What are reversible 


n remanence ? 


ease.”’ To pre 

an Indiana 

remains if 

tabi first yal r the tra 


Answer: When a magnet has been 


lized for a temperature range | | if assing to her 


remanence variat within this tempera you know 


t 





INDIANA 
PERMANENT 
MAGNETS 


THE INDIANA STEEL PRODUCTS COMPANY 


VALPARAISO, INDIANA 


WORLD'S LARGEST MANUFACTURER OF PERMANENT MAGNETS 


JULY 


1956 161 





ENGINEERS, 
Electronic & Mechanical 
PHYSICISTS: 


Top Grade Openings 
At Melipar Leader in 


Electronic Research & Development 


Due to our continuing expansion program, a number of top grade 
openings exist in our new laboratories suburban to Washington, 
D. C, We urge you to consider the following: 


1, At Melpar the engineer is not tied to a pre-arranged schedule 
of advancement. Instead, promotion and adanvcement are based on 
individual recognition, where skill and ability are the paramount 
factors of determination. 


2. Melpar has doubled in size every 18 months for the past 10 years. 
New openings occur constantly. This enables the engineers to 
advance to positions of increased responsibility as soon as he is 
ready. 

4. Our unique “project team” basis of organization gives the engi- 
neer an opportunity to participate in entire problems from concep- 
tion to completion of prototype, and thus experience the “over-all” 
approach to engineering problems, necessary to eventual director- 
ship responsibility. 


4. Our new air-conditioned laboratories encompass over 285,000 
square feet and offer complete facilities for creative research and 
design. In addition to our central Model Shop, supplementary facili- 
ties, personnel and test equipment are available tor immediate use 
within each project group. 


5. The Northern Virginia Area, suburban to Washington, D. C., in 
which Melpar is located, offers excellent living conditions, enjoys 
the Nation’s highest per capita income, fine homes and schools. 
Recreational, cultural and educational facilities abound. Fully- 
accredited graduate courses are offered at the Melpar laboratories 
and at 5 universities in the Area. 


Top Grade Openings Exist in These Fields: Network Theory © Systems Evaluotion @ 
Microwave Technique © UHF, VHF, or SHF Receivers @ Analog Computers © Magnetic 
Tape Handling ® Digital Computers © Radar and Countermeasures @ Packaging Elec 
tronic Equipment © Pulse Circuitry © Microwave Filters @ Flight Simulators ® Servo 
mechanisms ® Subminiaturization © Electro-Mechanical Design @ Small Mechanisms © 


Quality Control and Test Engineering 


or more complete information Qualified engineers and p) 


will be Invited to visit Melpar at Company expense 


WRITE: Technical Personnel Representative 


Mi E L PA R Incorporated 


A Subsidiary of Westinghouse Air Brake Company 


3125 Arlington Boulevard, Falls Church, Virginia 


Positions also available at our laboratories in 
Cambridge, Mass., 99 First St Watertown, Mass., 11 Galen St 
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Inside the Computer 


THe Computer Hanpsoox (Furst 
Edition). 55 pp. Edited by Milton 
H. Aronson. The Instruments Pub 
lishing Co., Pittsburgh, Pa 2.00 


[his handbook is of val to the 
control engineer who desir learn 

quickly and painlessly—how com 
puters are constructed, how they fun 
tion, and how he might make use of 
them in his own work. 

It comprises six artick ised on 
an integrated series of talks given at 
the first Computer Conferen ind 
Automation Exposition in N York 
City. These articles introduced 
tronic computers and data processor 
describing basic — structure reneral 
functioning, and typical uses of a 


elec 


} 


number of the more commonly used 
commercially available analog a1 
tal special and general purpos« 
puters now employed in ind 
search, and business 

“Industrial Uses of Special 
Computers’ covers the genet 
of thes« computers, both dig 
analog. It illustrates their ad 
by detailing three ipplicatic n 
trol of a punch machine, cont 
milling machine for contour milling 
of turbine blades, and recording in 
stantaneous positions of a number of 
rotating shafts (the last by a special 
purpose data processor 

“Analog Computers” outlines th 
structure and functioning of the ma 
jor components of an analog com 
puter (typified by the GEDA series 
explains how to set up th mputer 
for problem solution, and runs through 
determination of performan of a 
position servomechanism This sec 
tion also covers numerous technologi 
cal and scientific areas wh nalog 


omputers can be used, an om 


ments on the advantags ttending 
use of computers in practic 
‘A Practical Approach to Analog 
Computers’ treats construct 
eration characterist1 ind 
ince limitations of the maj 
inother analog computer 
Associates’ Model 16-31R 
etups for solution of s¢ 
ent problems. 
“Digital Computers—G« 
pose and DDA” cove! 
ind use of the two maj 
digital computers Che 
pose program-contr lled 
ilculation computer is 1 
the Bendix Model G-15A 
tal differential analyzer 
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This equation is one of the many in daily use by organized 10 years ago s full capability in 
engineers at AUTONETICS pioneers in the IMpor research development de yy manutacture ind 
tant business of electro-mechanics. They employ test of complete systems in data prox inertial 
it as a step in the design of automatic flight con uidance autopilots armament trols. cor 


‘ 


trol equipment for supersonic aircr ift. New light puters (analog and digital) an 


ther special 
is shed on the me aning of equations such as this in products, | 
the Auronetics Flight Control simulation labora kor more detailed information. « ! 
torv—one of the best equipped in the country ment in any one of these fields. pleas 
Furthermore. AUTONETICS engineers check their AUTONETICS Dept CON-N3. 12214 I 
findings under actual operating conditions. They Blvd... Downev. California 
completely prool test and make final systems (y , 
analysis with airplanes that are in readiness for Autonetics ' HA) 
every phase of actual flight test 
AUTONETICS 2500 man engineering departme nt A DIVISION OF NORTH AMERICAN AVIATI 


’ 


AUTOMATIC CONTROLS MAN HAS NEVER BUILT 
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QUICK-LOOK RECORDING SYSTEM 


ANALOG MATRIX WITH 
TO DIGITAL 256 WRITING 


RECORDER ELECTRO-SENSITIVE PAPER. READABLE , 
CONVERTER CIRCUITS 


TO AN ACCURACY OF £ 0.2% 


! 
! 
MULTISTYLI |. 256 ANALOG LEVELS ON 5 INCH 
' 
' 


24000 
8 BIT WORDS 
PER SECOND 





\, 





@ 
ea 


R-1047-10-3 
OR 
R-1021-2B 





WRITE FOR 
ADDITIONAL 
INFORMATION 


RADIATION I! grrr 
nec . Orlando, Fla 


Electronics . Avionics . Instrumentation 


Contwol Cases te lOO00 F& |} 


WITH VICTOR GAS-0-DOME REGULATORS 


Gas pressure, not springs, control diaphragm motion to give you 
precise regulation of high-pressure gases at high or low flow rates. 
Can be remotely controlled if desired. Safety valve furnished on 
request. More than 55 stock models in the following series 


R-1047-10 


Lee mae ees we ewe ew oe eee eeeewe 


PERSONNEL INQUIRIES INVITED 








OrSERIES RANGE (psi) SPECIAL FEATURES GASES HANDLED 





| 6030 | 02500 | High Delivery Flow Rates. 
a 0-3600 Accurate Valve Control. P 
. - - — if 
0-2500 Excellent Capacity. Compact — Argon 
- 7 Ib.— 4” x 6” x 6”. Helium 
0-3600 —67° to +160° F. Range. Hydrogen 
. m Nitroge 
VICTOR'S LONG EXPERIENCE ze 05000 | Accurate Valve Control. ay 
IN PIONEERING HIGH PRESSURE 0-10000 —67° to +160° F. Range. and others 
GAS REGULATION i, yours for the a ek , non-corrosive to 
asking. For details, and complete 0-500 bronze and 
data on Gas-O-Dome Regulat - - stainless stoet 
en NE SLEGUSACOTS, SE High Pressure, Low Flow. Com- | 
your VICTOR dealer or write us for 0-1000 pact—4 Ib. —2” x 6” x 6”. 
catalog 341. Dealer inquiries invited. 


0-30 & Corrosion Resistant. Ammonia (wet or dry) 
0-40 


R Boron Trifluoride 

VicIo EQUIPMENI COMPANY Chiorine (wet or dry) 
IPM M Hydrogen Sulfide, 

Mirs. of welding & cutting equipment, hardfacing rods; Hydrogen Chloride, 


blasting nozzles; cobalt & tungsten castings. Sulfur Dioxide—and 
844 FOLSOM ST. * SAN FRANCISCO 7 21 other corrosive gases. 


Self-Relieving Pilot Regulator 
Control. High Flow Rates. 
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of differential equations, is repre 
sented by the Bendix DDA. This se 
tion shows how typical problems are 
easily solved on these machines 

Electronic Data-Processing Ma 
chines” illuminates the important rok 
of punched-card machines in industry, 
commerce, finance, and science, ‘The 
paper explains punching verihcation 
duplication, dual creation, tape read 
ing, transceiving, interpreting, sorting 
selecting, merging, matching, form 
feeding, summary punching, facsimil 
posting, and other basic operations 
It breaks down a complete line of 
punched-card equipments IBM), in 
dividually distinguished by relative 
overall capacity and speed of opera 
tion, showing how the pieces com 
plement each other Finally, the im 
herent unity of ail data-processing 
machines is evidenced through an a¢ 
count of the five fundamental ele 
ments common to each 

“The Univac and Univac Scien 
tific’”’ discusses two large-scale com 
puters that incorporate magnetic tapes 
as prime input components Details of 
construction, operation, and typi il 
uses of these Remington-Rand ma 
chines are given 


Modern Electric Drives 


MopeERNE PROBLEME DER ELEK 
(RISCHEN ANTRIEBE (Modern Prob 
lems of Electric Drives) 104 pp 
Published by VDE-Verlag GMBH, 
W uppertal-Berlin-Charlottenburg 5, 
Germany. 5 DM. 


This book contains seven papers 
selected from the conference on 
‘Electrical Engineering in Industrial 
Plants” held Feb. 24-25, 1954, in 
Stuttgart under the auspices of th 
German Society of Electrical Engi 
nec 

The papers, by outstanding special 
ists, cover various aspects of the appli 
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They GROW world’s Largest 
Scintillation Crystals 


NATIONAL RADIAC controls critical temperatures in 
unique process with Thermo Electric Instruments 


At National Radiac, Newark, N. J., Thermo Electric equipment is 


assisting in one of modern science’s strangest operations. For 


here they actually “grow” crystals for scintillation counters— 
crystals that measure radiation by converting its ionization energy 
to visible light. The larger the crystal—the greater its sensitivity — 


and National Radiac 
grows crystals so large 
and sensitive they can 
measure radioactivity 


from an airplane! 


Growing such crystals is 
no snap. It takes place 
in specially designed 
furnaces and is a long, 
delicate, and extremely 
difficult process. For 
many weeks the equip- 
ment must function with- 
out interruption—during 
which time temperature 
control is highly critical. 
Unerring accuracy within 
a range of 1150 to 
1250°F. is absolutely 


essential for final success. 


Controllers for furnace 15 
with T-E Portable Recorder 


Handling this tough assignment are two types of Thermo Electronic 
control systems: hi-temperature Resistance Bulbs with Resistance 
Thermometer Signaling Controllers, and Chromel-Alumel Thermo- 


couples with Potenti- 
ometer Pyrometer Sig- 
naling Controllers. The 
success of the system 
has been outstanding — 
and its unfailing accu- 
racy continues to aid 
National Radiac in grow- 


ing the largest and 








View showing convenient grouping finest scintillation crys- 


cation and control of modern electric 
of T-E Controllers. 


drives. The authors and topics ar 
1. W. Schneider, “Electrical Supply to 


a 

al Plants”; 2 Ulke, “The f=. 
Industrial Plants”; 2. R. Ulke, “‘T | ( ‘) dicen Whitin Riel 

\ 


tals in the world. 





Technically and Economically Cor 
rect Choice of Electric Motors’; 3 Bulletins 50-B and 55-8 


| Bunzel-Gecmen, ‘Development 
of Industrial Drive Technique”; 4 
W .Backbart. “The Leonard Drive as a 
Modern Component of Machine 
Tools”: 5. R. Dehmlow, “Variable 
Speed and Constant Speed Flectri 
Motor Drives”; 6. K. Kirsch, “Switch 
ing, Regulating and Protection of 


Electric Drives’; 7. W. Klickermann 





Thermo Electric 6.5 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ontario 
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SYSTEMS 
ENGINEERS 


Electro- 
. for computers 


Electronic 
Mechanical.. 
fire control designs 


Librascope has openings for “ca- 
reer men to be assigned to the 
Special Devices Department — 
one of the four autonomous en- 


a a Nm eH divisions, 


where each individual works 
closely with management —stays 
with his project from start to 
finish. Categories include: ana- 
log and digital fire control sys- 
tems engineers, transistor Spe- 
cialists, servomechanisms engi- 
neers, and many others. 
Military projects in the Special 
Devices Division cover all 
phases of applied technology— 
mechanical, electronic and op- 
tical, starting with basic devices 
such as photo-reconnaissance 
cameras, photo-transistors, 
rocket and gun sights...and ex- 
tending to complete systems in- 
volv ing analog and digital com- 
puters, 

Join a company that has the 
“young man’s” viewpoint—pays 
well, assists in relocation pro- 
vides subsidiary benefits and pro- 
fessional advancement, Contact 
Don Webster, Chief Engineer, 





When oa Navy p 


Pan 


oe 


The Douglas 

A4D atom 

bomber is 
equipped with 
gun and rocket 
sights designed 
and produced 
by Librascope 


Tanks... land 
navigation and 
fire control 
systems are 
long range 
Librascope 
projects. 





plane makes a jet-propelied ‘cam- 


ere strike,” the penne is assured by Librascope viewfinder equipment 


A @uesiDiARY OF 
GENERAL PRECISION EQUIPMENT CORPORATION 


LIBRASCOPE, 
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IBRASCOPE 
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“Photoelectric Switching Devices in 
Industry’ 

Ihe writing is largely descriptive 
applica- 
tion and design engineer. ‘The con 
cern is with problems of every-day 
practice and excellent line-<lrawings 
and cuts of modern industrial equip 
ment illustrate the discussions. The 
volume should be of considerable in 
terest to all control engineers who 
plan to keep abreast of modern ad 
vances in motor drives for industrial 


uses, 


Symposium on F-R 


FREQUENCY Response. Edited by 
Rufus Oldenburger, director of 
search, Woodward Governor, Rock 
ford, Ill. 372 pp. Published by The 
MacMillan Co., New York. $7.50 


If a linear system is subjected to a 
sinusoidal input, the steady-state out 
put (or response) of the 
sinusoidal. The modulu 
this sinusoidal output, a 
by specified sinusoidal input over the 
range of frequency from zero to in 
hnity, compri e the tem 


tem is also 
ind phase of 
produc d 


rre quen 
r¢ SPOTISC 


In recent yeat lesign t 


hnig if 
based on frequen vy response have be 
come a prime analytic tool in num 
ous branches of modern technolog 
especially in automatic 
typified by servomechanisms, proce 
control, and kindred area ‘ol feed 
back systems. Because of widespread 
interest in this tool, the Dynamic S$ 
tems Committee of the Instrument 
& Regulators Div. of ASMI 

| requency Respon e Symposium in 
New York City on Dec. | and 2, 1953 
I'he present volume contains the pa 
pers presented at the 
seven other integrated papers selected 
by the editor 

The volume open 
lent — five-page Introduction”, in 
which the editor outlines the 
logical growth of frequency-respons¢ 
techniques in control. Dr. Oldenbur 
ger comments on the roles of many 
who contributed to thi 


ontrol system 


spon ored 


yinpo lum plus 


with an excel 


chrono 


development. 
He notes the origins of these papers 
ind summarizes the theme of each 
He uses some of his own experiences 
in stressing the values of frequency 
esponse techniques in practice, and 
closes with acknowledgments 
50-odd persons who aided 
tion of this book 

A two page table of contents shows 
that integration of the text is the re 


to some 
prepara 





wherever precise flow 
measurement is critical. 


ilar 


ACCURATE, DEPENDABLE POTTER FLOWMETERS are. be ng specified by more and 


chemical processors each year for jobs that demand high reliability, high precision 


iow maintenance, extreme control prec n. Available in sizes from %° to6 units 
they measure caustics, acids, corrosive instabie compounds, suspensions 


super-refined liquids and other hard-to-handle liquids at temperatures up to 1200° 


and at pressures to 35,000 psi. Easily incorporated into. complex contro! syster 
because of their linear output, Potter sensing units produce a ‘signal that car 
be telemetered, fed into digital information handling system: 

directly to indicate or control flow rate or total flow 

Find out how this unique approach to flow measurement can 

help solve your flow-control problems. Write for Bulletin 


y “ee, 


POTTER AERONAUTICAL COMPANY *« Route 22° Union, N.J.* Phone MUrdock 6-3010 
Makers of ‘Potter Engineered” products 
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Drippy, leaky valves are just not socially acceptable 
. 80, we designed the new Hoke bar stock needie 
vaive with an O-ring stem seal—to give it the right start 
in life. Result—a seal that will pass a helium leak test 
. no packing adjustments . . . no friction even at 
high pressure. Self-aligning spindie shuts off tight 
For instrument panel, test stand, hydraulic or pneumatic 
service. In carbon, chrome or stainless steel and brass, 
for '%" to 44" pipe sizes. Panel mounted, too, if needed. 


We've got a brand new wall chart as well as 
catalog information—Both yours for the asking. 


HOKE 
INCORPORATED 


Fluid Control Specialists 
24! S. DEAN STREET, ENGLEWOOD, N. J. 


New 
Bondable 
Teflon and Rulon 
in tape, film, 
other forms 


Most people thought Teflon and 
Rulon could never be strongly A copy of this quick-read- 


bonded or cemented to other mate- : : 
rials. No solvents affect them — ing, 8-page booklet is yours 


no common chemicals attack them for the asking. It contains 


- they are extremely slippery and many facts on the benefits 
non-adhesive. : . 
derived from your business 


But Dixon is now supplying Bond- é 
able Teflon and Rulon and in thin paper and tips on how to 


strips and film that may greatly read more profitably. Write 
reduce your costs. for the “WHY and HOW 
Write for 8 page bulletin booklet.” 

*Dupont’s tetrafluoroethylene resin eeeee0e20e8e8e8eee008 


DIXON Corporation McGraw-Hill Publishing Com- 
<> pany, Room 2710, 330 West 
BRISTOL 5, RHODE ISLAND 42nd St., New York 36, N. Y. 
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sult of a thoughtful arrang 
articles. The 28 papers 41 
under nine broad heading 

of the central theme linking tl 
vidual items. 

Part 1: Fundamentals entails six 
papers which are “directed to the 
beginner as well as to the expert” 
H. Nyquist explains how he came to 
write his famous (1932 paper, 
wherein he advanced the we 
Nyquist stability criterion. A 
remarks on the early rapid « 
ment and use of frequency-resy 
theory under the stress of wartime ne 
cessities of improving fire control and 
radar tracking systems. R. H. Ma 
millan outlines the present stat 


if 
ii-KnOWN 


( 
| 


Hall 


eve ] Ip 


OTISE 


some basic aspects of freq 

ponse theory, reviews curre! 

in research, and points out certain 
areas in need of cultivation. R. Old 
enburger advances the recommenda 
tions of the ASME Dynamic System 
Committee for the presentation of 
frequency-response data, develops ba 
sic frequency-response theory for the 
benefit of beginners, and gives a su 
vey of design criteria (sup 

rigorous analysis) which 

interest to the experienced designer 

A. M. Fuchs gives a classified bib 
liography of some 300 items on th 
history, theory, application, and asso 
ciated aspects of frequen y response 
Many of these item TT) immari 
of their essential points of interest 
A concluding paper by R. H. Macmil 
lan—a detailed basic f ncy-re 
sponse analysis of regulating syst 

is explained through the stud) 
speed control of a gas tu 
millan also discusses th« 
trol theory in modern engineering 
education, 

Part 2: Frequency Response Aids 
includes two papers. One by K. Izawa 
describes a sliderule (CtE, March 
"56, p. 115) and a nomograph which 
facilitates frequency-response compu 
tations. D. W. St. Clair and co-au- 
thors survey the construction and 
functioning of pneumatic, electric, 
and mechanical-hydrauli ine-wave 
generators for obtaining frequency-r 
sponse data. 

Part 3: Servo, Airplane, and Power 
System Applications contains H. A 
Helm’s detailed account of the design 
of a high-accuracy automatic contour 
following lathe control system and 
A. C. Hall’s detailed treatment of a 
system for hydraulic control (with 
electrical control components by 
linearization and use of electric ana 
logs of the hydraulic component 





New Horizons 
for Research Kngmeers 


Engineers Apply Now for a Lifelong Career 


aaniplsteiieLe 





NEW BENDIX RESE. 


SUBURBAN DE’ 


The Imposing contem pr rary 
pi tured above is destined to 
lives of many research enginec 
even change you lt the new lal 


of the Bendix Aviatior Corporat 


search Laboratories Division, loc: 
ban Detroit. 


quic t, uncongest d subur 


mode rnin tallation is ci igned to 


the research man with ideal work 


ditions and atmosphere. Its facil 


equipment are the most modert " 


ofter 


for advanced research and devs 


WRITE 
OR 
WIRE 





PROIT 


an unu ually creative envire 


ARCH LABORATORY LOCATED IN 


OFFERS OUTSTANDING FUTURE 


tructure work in the following 


change th 


rs. It Ma 


wrarory 

mn Re T 

ated in Ositior Her 

Th ro wrofessionally .. o do first-cla 

provide research work to take part in the ex 
new field and to become 
with one of America’s great 
and it scientin organizations. If 

nd would like te 


ng con ori n of 


tie and 


nment 


PERSONNEL DIRECTOR 
RESEARCH LABORATORIES DIVISION 
BENDIX AVIATION CORPORATION 


855 FOURTH AVENUE, DETROIT 1, MICHIGAN 





ERVO MECHANISMS 


RADAR RESEARCH 


AND MICROWAVE 
MECHANICAL SYSTEM 
AUTOMATION 

MACHINE DESIGN 


MACHINE TOOL CONTRO! 


PHYSI 


> INSTRUMENTATION 
MASS SPECTROSCOPY 


ID STATE PHYSIK 


ILE GUIDANCE AND 
CONTROL SYSTEMS 


MICROWAVE TUBE 
DEVELOPMENT 


JCLEAR REACTION 


ResearcH Laporatorits Division OF “Gendt” 


AVIATION CORPORATION 
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NOW 
REPRINTS IN STOCK 


1—MONITORS SAFEGUARD INDUSTRY'S PROCESSES..... $0.50 V. 


A staff-written survey of monitoring equipment available from 
prominent companies in the field 


NEW BOOKS 


Oja’s account of the frequency- 
response runs on the Swedish power 
systems in the course of a study of 
turbine speed control covers the re 
2—A SYSTEMS ANALYSIS PREDICTS PERFORMANCE $0.70 sulting 'y seatbegane in ac frequency 
A complete dynamic analysis of a pressure control system by regulation by matching the governor 
engineers of Sverdrup and Parcel, Inc. This is a superb ‘how it characteristics to those of the network 
is done” reference for working control engineers and the disturbances. G. A. Smith 
and W. C. Triplett show the experi- 
3—A FUNCTIONAL ANALYSIS OF LOGGING SYSTEMS.... mental procedures and computational 
This unique engineering survey uses block diagrams, tables, and techniques for determining frequency 
schematics to analyze the functional use of all elements that can response characteristics of aircraft 
make up a logging system. Compiled by engineers of Cook from recorded transient flight char 
Research Laboratories acteristics. 

Part 4: Process Control embodies 
4—AUTOMATIC MACHINING—A VIEW & PREVIEW articles by J. M. L. Janssen on the 
role of the deviation ratio in set 
point control and by A. R. Aikman on 
application of frequency-response tech 
niques in actual industrial situations 
adjusting the controllers of a spray 


, drier and of a heat exchanger. In ad 
5—DATA PROCESSING SYSTEMS—HOW THEY FUNCTION... dition, H. Kramers and G. Alberda 


This is the introductory article to CONTROL ENGINEERING's discuss the distribution of residence 
Basic Digital Series. By Jerre Noe of Stanford Research Institute, times in continuous flow systems, and 
it uses three unique graphic flow sheets to describe the potential EK. G. J. Eykman and C. J. D. M 
for digital data processing in science, business, and process Verhagen determine the transient be 
control 


This authoritative survey of present and forthcoming automatic 
machine control techniques was written especially for the con- 
trol engineer by Waldo Kliever of Clevite-Brush Development 
AY lk lala a otk doe a ee ae ee F PERS bid 24 pp. 


havior of cylindrical thermometers in 

fluid flows by a method of calculation 
6—OUR SCHOOLS ADVANCE CONTROL ENGINEERING... that encompasses boundary-layer pre 
Five articles that describe advanced work in control systems ence, a method that yields better 1 
engineering at Cornell, Case, Michigan, MIT, and Ohio sults than the simple conventional R 

analog representation 

In Part 5: Transient Response, 

7—TROUBLE SHOOTING IN ADVANCE BY PROPER WIRING $0.30 \. Leonhard shows procedures for efh 

A valuable reference work in which Gerald Weiss of W. L. cient graphical calculation of tran —_ 

Maxon Corp. details pitfalls to avoid by proper grounding, response from frequency response by 


shielding, and twisting in control wiring design ...... 8 pp. use of rectangular-segment approxima 
tion; W. R. Evans shows how to d 


termine both transient and frequen 
responses from root-locus plots; S 
Lees discusses methods for deter 
USE THE HANDY ORDERING FORM BELCW mining performance data, suc h is lim 
its on absolute and relative stability 
damping ratios, and undamped nat 
ural frequencies, by conjoining con 
formal mapping with Cauchy’s integral 
theorum. 

In Part 6: Optimum Controls, R. ( 
Enclosed is payment for the foliowing reprints: Price X Quantity = Cost ( idenbourg and H. Sartorius consider 
1—Monitors Safeguard Industry's Processes .. 50 the problem of minimizing linear-con 
2—A Systems Analysis Predicts Performance 70 trol area, quadratic control area, and 
3~A Functional Analysis of Logging Systems . : 70 quadratic-mean output to periodic in 
4—Automatic Machining—A View & Preview 90 put of systems which return to equilib 
5—Data Processing Systems—How They Function 40 rium after disturbanc« They investi 
6—Our Schools Advance Control Engineering ae gate the relative advantages of design 
7—Trouble Shooting in Advance by Proper Wiring 30 based on these criteria and show hovw 


Note: There is a 10 per cent discount on all reprint 
orders for ten copies or more of any one article. 





To: Reprint Department 
CONTROL ENGINEERING PLEASE PAY FOR REPRINTS 


330 West 42nd St WITH AN ENCLOSED 
New York City, N. Y. CHECK OR COIN CARD 


Total Cost to determine coefhcients in a rational 

SEND REPRINTS TO: transfer function so as to minimiz 
on a “‘practical-optimum”’ basis. J. H 

NAME Westcott advances two methods of 
‘ synthesizing a linear compensating 
subsystem. In one the mean-square 








COMPANY 





ADORES: —_— error of the entire system is minimized 





subject to certain subsidiary condi 
(TOWN OR CITY) tions in response to a statisti illy-ce 
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to work—research at 








IBM 








Multi-Stable Work Horse: By employing a non-linear 


load, new circuit permits two transistors to do the 
work of ten. IBM Bulletin No. 200. 


Self-Complementary: New Gas Tube Counter sub- 


tracts by adding. IBM Bulletin No. 201. 


The Soft Touch: Ultrasonic cutting at IBM permits 


devices to be cut from hard, brittle materials within 
0.0002’. 
For bulletins, write to Dept. CE-7, 1BM, 590 Madison Ave., 
MN. 7.28. %. 3. 


Multi-Stable Work Horse 


As the size and complexity of IBM prod- 
ucts increase, we are faced with growing 
numbers of components—which means 
increased cost. As part of our continuous 
search for improvement and ways to 
reduce the number of components, Rob- 
ert Henle, one of our Transistor Circuit 
Research people, undertook to get more 
work out of a given number of tran- 
sistors. The result is a two-transistor, 
multi-stable circuit employing feedback 
controlled by a non-linear load. Junction 
transistors are naturally suited to this 
new kind of circuit. 





10 Stable State Circuit 











A full report on this new idea from 
IBM contains eight full-page circuit dia- 
grams in addition to mathematical anal- 
yses of the operation of the circuit 
Write for your copy of IBM Bulletin 
No. 200. 














Self-Complementary 


Accounting machines these days must 
be able to do everything—even make 
decisions. In order to get a machine to 
do more in a day’s time with little or no 
increase in operating cost, IBM Com- 
ponent Research people studied the idea 
of using a multi-cathode gas tube. It's 
good news that they came up with an 
attractive approach, which Robert Koeh- 
ler, of our Device Development Group, 
then reduced to practice; it operates 
faster than its electro-mechanical prede- 
cessor and, furthermore, with simple cir- 
cuitry, can subtract by adding. It can 
read out in true number form both posi- 
tive and negative balances. This is pos- 
sible because a number stored in the tube 
may be transposed to its 9's complement 
(i.e., value subtracted from nine) by a 
single electrical pulse 


If you'd like more information on the 
basic principle, physical arrangement of 
parts, and typical problems solved, write 
for IBM Bulletin No. 201. If you are 
fascinated by the theory of numbers, we 
recommend this Bulletin 


Laborotories at Endicott, Poughkeepsie and Kingston, N. Y., and San Jose, Calif 


DATA PROCESSING - ELECTRIC TYPEWRITERS « TIME EQUIPMENT - 


MILITARY PRODUCTS 


The Soft Touch 


In some of our studies of new compo- 
nents, at the 1BM Research Laboratories 
at Poughkeepsie, it is necessary to make 
many different, small and intricately 
shaped parts from brittle materials. Fol- 
lowing the conventional approach, each 
of these parts would require laborious 
and costly machining and fabrication, 
We turned to ultrasonic cutting; with 
this tool we can make any shape or size 
component in approximately a minute 
with an accuracy five times greater than 
previously possible! The ultrasonic cut- 
ter has helped us progress faster in our 
development of new devices. RESEARCH 
at IBM means IDEAS at work. 


ont ite 


_ WORK 





VULTRMABONICALLY 
V/GRATIO mimaaer — 


TOO - 
4/QU/0 ABRASIVE 


SuPppoRT 


Schematic of Impact Grinder 











To learn more about career opportuni- 
ties available at 1BM, write, describing 
your background, to: W. M. Hoyt, IBM, 
Room 2607, 590 Madison 


York 22, N. ¥ 


ivenue, New 





INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 
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OPPORTUNITY IN SOUTHERN CALIFORNIA 





NEW BOOKS 


excellent career opportunities for 


fined (stationary input Ih 
is based on variational p 
s Chis work reveals that ea 
DIGITAL is work reveals that in 
complexity of control beyé 
] tain measure may not ipp! 


rforman 
q +a Ya PI 'T KI R - Part 7. eiliatis Fechniqu 
braces three excellent paper 
analysis of nonlinear systems bi 
Ke NG I N KI KS R >> of the des ribing function. | 


Goldfarb (in a 1947 Russian paper 


applies his analysis to continuous 
who can fill key creative posts servomechanisms incorporating vari 

ous types of nonlineariti H. Chest 
me nut, in his study of servomechanisms, 
in long-range, non-military incorporates dead-band and saturation 
effects. C. H. Thomas, in a study of 
stability in servomechanisms having 
dead-band effects, introduces such ef 
fects by example of gear trains with 


a ippreciable backlash. J. M. Loeb ad 


FOR ADVANCED SENIOR ELECTRONICS vances a functional treatment of non 
ENGINEERS linearities wherein the amplitude and 
BUSINESS To specialize in research and design phase of generalized describing fun 
for advanced business computer sys- tions depend on the amplitude is well 
COMPUTER SYSTEMS tems. Must have exceptional creative as the frequency of the input to the 
ability, plus knowledge of vacuum nonlinear element 

tube circuit design, transistor 
circuitry. 


research and design 


Part 8: Sampling Control: 
translation of a lengthy Russian paper 


by Ya. Z. Tsypkin on the determina 
* * tion of the time response of sampled 
SENIOR DIGITAL COMPUTER TRANSISTOR CIRCUITRY data control systems. ‘The method, a 
ENGINEERS ENGINEERS graphical calculation, yields knowledge 
For projects in advanced computer For advanced research and design in of the real or imaginary part of the 
design, development and application. meme transistor circuitry. z-transtorm of the closed-loop 1 
Must have thorough knowledge of Capabilities should include ability ’ 
digital computer logic and circuitry, to direct others in new project work. , 
input-output devices, programmin determine performance aspects ther 
’ g. 

with. Particular interest attaches to a 
graphical means for determining 
whether a continuous or a impled 
date control may be best for a given 
system and to the fact that sampling 
time is taken into account. R. H 
Barker presents the z-transform pro 





sponse and subsequent utilization to 





OPPORTUNITY FOR ELECTRONIC OR ELECTRICAL ENGINEERS 
Background in one or more of the fields below equips you for excellent 
career positions with NCR Electronics Division: 

LOGICAL DEGIGN ¢ FERROELECTRICS * MAGNETIC CORES ¢ COMPUTER 
SYSTEMS ¢ TRANGIGTOR CIRCUITS ¢ INPUT-OUTPUT DEVICES 


APPLICATIONS OF PHYSICS ¢ COMPUTER SYSTEMS SPECS cedure from an analytic point ~ View 
DEF. OF SYSTEM REQUIREMENTS and applies it to a study of tem 


“GROUND FLOOR" OPPORTUNITY WITH UNUSUAL STABILITY with time-delay in the feedback link 
: : sd Part 9: Statistical Method i 
Openings listed here are for the basic organization of the seas by M. J. Pelegri i 
NCR Electronics Division. If you qualify for one of them, you'll be a oe ee ne ey ae ; 
key member of this fast-developing division of one of America's details several studies made in France 
top companies, You'll enjoy the freedom of a small, select research in connection with aircraft 
group — operated by engineers for engineers — as well as the exceptional They encompass analysis stemmir 
financial stability of a large, long-established firm, A full program from Wiener’s mean-square theor 
of employee benefits, too. New, modern, air-conditioned plant with optimum filtering based on stationary 
every modern research and development facility in a conveniently statistical inputs. Thus, both classi 
situated Los’ Angeles suburb. cal and statistical means are blended 
* For further information, write Director of Personnel to enable optimum design of a vari 
able-inertia regulator to control the 
speed of a load-varying electric motor 
In most instances the theoretical 
content of these papers is supported, 
illustrated, and enhanced by detailed 
numerical examples and figure 


rhomas |]. Higgins 
Professor of Electrical | ngineering 


ececrronics oivision 140] East El Segundo Blvd, Hawthorne, Calif University of Wisconsin 





TRADEMARK REG. VU. S. PAT. OFF. 


THE NATIONAL CASH REGISTER COMPANY 
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as an Autonetics 
Engineer... 
you can achieve science-fact 
far stranger than science-fiction 


Today at AuTonetics there are ela rate automat 
control systems actually being developed, designed and 
produced in quantity that make the mechanics of the 
wildest space fantasies look ordinar 
For « xample where in the pages of scrence-hetion ts 
there a robot that compares with AUTONETICS’ new 
airborne digital computer? This 3-cubic-foot brain 
can solve mathematical problems in one second that 
would take a math whiz with pencil and paper 9 
hours, or require a clothes closet full of ordinary 
computer equipment It can continuously integrate 
93 quantities simultaneously through 51 removable 
pane ls of etched, transistorized circuitry 
This is only one example of AUTonetics’ far-reaching 
electro-mechanical technology. There are hundreds of 
other areas of equally advanced opportunity in missile 
guidance, flight control. fire control and sper ial 
automatic controls, Among your tools are the latest 
data processing equipment plus modern and complete 
environmental and flight test facilities. AUTONETICS 
scientific leadership is setting the pace in this field 


with its unique 10-year backlog of know-how 


OPPORTU NITIES FOR: 


Computer Specialists 

Electro-Mechanical Designer 
Environmental Test Engineer 

Electronic Component Evaluators 
Instrumentation Engineer 

Fire Control Systems Engineer 

Flight Control Systems Engineer 
Electronics Research Specialist 

Computer Programmer 

Computer Application Engineer 
Automatic Controle Engineer 

Electronic Engineering Writer 

Inertial Instrument Deve lopment } ngineers 
Preliminary Analysis and Design Engines 
Also Openings for Draft 


Contact: Mr. R. C. Smith, AUronetics Engineering Personnel Office 
De pt. 991-20 Con P. O. Box AN. Bellflower Cali 


Autonetics (4,) 


AUTOMATIC CONTROLS MAN HA NEVER BUILT BFTFORE 
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.. about a 
-Servosystem Analyzer 


Seems to me that a really good 
servosystem analyzer must fill two 
important requirements. First, it 
must give an engineer more accurate 
and faster resulta than a home rig 
And secondly, it must be able to 
quickly test a variety of equipment 
and systems 

We produce a servosystem analyz 
er at Servo Corp.—the Servoscope ® 
—which meets these requirements 

The Servoscope gives you faster, 
more accurate results because it pro 
vides a direct method for measuring 
gain and phase shifts of any com 
ponent or system in the lower fre 
quency ranges. There's nothing 
complic ated about using it. Just by 
turning the big dial, you get phase 
lead or lag. Signal amplitude is read 
directly from the associated indicator 


Servoscope is an extremely versa 
tile test instrument. Its applications 
include: automatic flight and ship 
control design, testing computer re 
sponse, checking vibration, testing 
response of servosystems and fire 
control systems 

If you'd like additional informa- 
tion on the Servoscope and its use, 
please fill out your name and title in 
the space below. Attach it to your 
company letterhead and mail it tome 


Fhe 


Chief Control Systems Engineer 


mechanical 
Control Systems 
and Components 
for Industry by 


Tom Westover, Dept. W-10 

Servo Corporation of America 

20-20 Jericho Tpke., New Hyde Park, L.1., N.Y 
Please send ~e more information on 

Servoscope 

Name 


Title t 
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WHAT’s AHEAD: MEETINGS 


JUNE 


American Institute of Electrical En- 
gineers, Summer and Pacific Gen- 
eral Meetings, San Francisco 

June 25-29 


AUGUST 


National ‘Telemetering Conference, 
sponsored by Institute of Radio En- 
gineers, American Institute of Elec 
trical Engineers, Instrument Society 
of America, Institute of Aeronau 
tical Sciences, Biltmore Hotel, Los 
Angeles Aug. 20-21 


Western Electronics Show and Con- 
vention (WESCON), Institute of 
Radio Engineers, Pan Pacific Audi- 
torium and Ambassador Hotel, Los 
Angeles Aug. 21-24 


The Association for Computing Ma- 
chinery, 11th Annual Meeting, Uni- 
versity of California, Los Angeles 
Box 3251, 

Beverly Hills, 


Aug. 27-29 


Association address 
Olympic Station, 
Calif 


Sixteenth Annual Appalachian Gas 
Measurement Short Course, West 
Virginia University, Morgantown, 


W. Va Aug. 27-29 


SEPTEMBER 


Institute of Radio Engineers, Infor- 
mation Theory Symposium, Massa 
chusetts Institute of Technology, 
Cambridge, Mass Sept. 10-12 


American Society of Mechanical En- 
gineers, fall meeting, Denver, Colo. 
Sept. 17-20 


Instrument Society of America, 11th 
Annual _ Instrument-Automation 
Conference and Exhibit, N. Y. 
Coliseum, N. Y 

Sept. 17-21 


Industrial Electronics Conference (no 
exhibits), American Institute of 
Electrical Engineers, and Institute 
of Radio Engineers, Hotel Manger, 
Cleveland, Ohio Sept. 24-25 


OCTOBER 


National Electronics Conference, In 
stitute of Radio Engineers, Ameri 
can Institute of Electrical Engi- 
neers, Hotel Sherman, Chicago. 

Oct. 1-3 


EDITOR 
WANTED 


CONTROL ENGINEERING’s 
editorial content requires that we add 
an assistant editor to the staff in the 
very near future. We are looking for 
a man, preferably in the age group 
25 to 35, with: 


expanding 


A BS in ME, EE, Aero, or Physics, 
a minimum of two years’ experi- 
ence in designing and applying 
control systems, and some writing 
ability. The man will operate in- 
itially under the supervision of an 
Associate Editor, and will deal with 
manuscripts obtained in the field. 
Near future prospects: a senior 
technical editing post. 


He must be willing to travel, and 
capable of organizing his thoughts 
rapidly and clearly on paper. The 
position open is in the New York 
editorial office of the magazine. 
The salary offered is on a level with 
existing engineering salaries for a 
well-qualified man. If 
and available in the near future, 
please contact: 


interested, 


The Editor 

CONTROL ENGINEERING 
330 West 42nd Street 
New York City, N. Y. 





Continued from pr lin mu 


American Institute of Electrical En- 
gineers, I’all General Meeting, Hotel 
Morrison, Chicago Oct. 1-5 


Conference on Magnetism and Mag- 
netic Materials, American Institute 
of Electrical Engineers, Institute of 
Radio Engineer Hotel Statler, 
Boston. t. 16-18 


National Conference on Industrial Hy- 
draulics, Annual Meeting, Hotel 
Sherman, Chicago Oct. 18-19 


Institute of Radio Engineers, Third 
Annual East Coast Conference on 
Aeronautical and Navigational Elec- 
tronics, Fifth Regiment Armory, 
Baltimore, Md Oct. 29-30 








is you 10 minutes 
after work? 


When we take a look at our engineering 
friends who squander a couple of hours 
a day in commuting, we realize that here 
at Metrotype we've got it good. While 
they’re inhaling somebody else’s smoke 
on the 5:15, we're already teeing off at 
one of the three golf courses within 10 
minutes of our business home here in 
Michigan City. 

At Metrotype you'll find all the tech 
nical challenge you want working on 
METROTY PE’S DIGITAL RECORD- 
ING and LOAD FREQUENCY CON. 
TROL SYSTEMS while living in one of 
the Midwest's finest play areas. 5 to 15 
minutes from the Metrotype plant you 
will find practically any type of residen- 
tial community your wife's heart desires 
We're located in the Indiana sand dune 
country along Lake Michigan, with swim- 
ming that is as good as you will find 
anywhere. In our own backyard we have 
a river where you can tie up your yacht* 
if you have a yacht. Best of all you will 
be joining a small but rapidly growing 
company made up of a lot of nice people 

‘To help push our growth curve ever 
upward, we need just about all kinds 
of electrical engineers—SYSTEM DE 
SIGNERS to work out new and better 
data reduction systems: PROJECT EN 
GINEERS to do the application work 
and handle the processing and co-ordina- 
tion of each job; COMPONENT DE 
SIGNERS to dream up the “building 
blocks’’ and make them foolproof; IN 
STALLATION ENGINEERS to take 
the bows or dodge the brickbats offered 
by our customers 

We feel we have the world by the tail 
but need some capable, digitating engi 
neers to help us.lIf you are interested 
write, Personnel Director. 


*y 


Jed with ; ler 


ETROTVYPE CORPORATION 
Division of the Hays Corporation 
MICHIGAN CITY, INDIANA 


CONTROL PULSES 
UNDERGROUND PLOT 
Once condemned for beating its 
travelers into mute imsignihcance, 
New York City’s vast subway network 
now gives token-holder an op 
portunity to push a few buttons him 
self. Installed at the Times 
station is a computer-like 
(pre-programmed, of which 
at the touch of a prints out 
instructions for reaching any other sta 
tion in the city. Near the buttons is 
a “display” that reveals the borough 
and the subway system involved, and 
the time it takes to get there The 
“Directomat’, designed by Max M 
Tamir built by Electrical Engi 
nee! Schiffman, can be ad 
print out 500 different in 


every 


Square 
machine 
COouUTM 


hnger 


and 
Murray 
justed to 
structions 


MAGNETIC BETTING 


who 


PAPES 


observed the 
ability of a computer to predict sports 
results, it was a natural step to the 
idea of using parts of the machine 
to store the bets. ‘That's just what a 
trio of bookmakers in Los Ange les 
wert when sheriff's deputies 
them last May Their 


tape recording ot telephone bets a 


lo SOTTE have 


doing 
broke in on 
ured complete accuracy of all figure 
crasure But what 
tored, unfortu 
the $4,500 that the dep 
uties found under a bathtub 


and Casy could 
not be magnetically 


nately, was 


NO YAK, MORE JACK 


A new cry has taken up by 
British their liv 
changed by automation, Oddly enough, 
it is not the cry of those who fear re 
placement by automatic machines, but 
of thos they ll remain 
when the Ove! [he 


to compensate 


be ch 


workers who see 


who know 
machines take 
cry 18 for 
for loss of human companionship on 
the job It was first raised at the 
Shell and Esso plants in Cheshire and 
became an issue at the 
ference of the British 
] ngincerng { nion 


lonely pay 


miu il con 


Amalgamated 


SPEEDER BEATS RADAR 


Detroit poli have sent back thei 
peed-checking radar device for a few 
what the 

befor 
only to 
that 
their radar did not gi the driver an 
even break: although it indicated that 
he had hit an illegal peed t did not 
that he hed maintained thi 
peed all the way acro the radar 

Anyvwa' Michigan ha no 
tatute permitting admission of 
evidence im a 


roehnement I he brought 


thought wa j | 
lrafhe Judge John D. Watt 
ground 


ee it thrown out on 


perfect cas 


how 


creen 
radat 
pecding offense 


... about Cutting 1 
Production Costs of f 
Electro - Mechanical f 

Components 


(nce your engimeerm have proven out 
their design prototype, there's the prob 
lem of manufacturing production com 
ponents to meet their design specifications 
Here's one way you can elimin 

curement problems of 
plings, shafts, gear 


uch pe : 
hanger, clutches 
In addition to 


breadboarding pilot 
models, Servoboard 


precision parts also 
serve as permanent, integral components 
When your 
nocked-up and tested their 
lesign with Servoboard electro 
mechanical assembly kit 


of a system of 
engineers have 
system 


instrument 


you can place 
your order with u 


for production quanti 
ties of the anne 


precision Servoboard 
parts the ¢ tested and proven on their 
prototype ! components will per 
fectly match design specifications for the 
production run of the new system | 
You'll find that Servohboard electro 
mechanical mibly kit ave your engi 
neers considerable man-hours in design 
and teat of ope or closed loop eystem 
And, at the ne time, you'll find that 
with poses rom quantities of the proven | 
Servol 


own production 


yoard part ou greatly reduce your 


problems and cost 

For full det on the Servoboard kit 
a complete description of the precision 
part and { emi for our new tech 
nical data brochure Juet fill in your 
name and title in the section below and 
mail it te 


AP haa 


Vice President 
Manufacturing 


SERVO 
bode) ite). 7 wale) 


Of AME rn A 


Name 
Title 


20-20 Jerict 
Please 
Servoboar 
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Notable 


Achievements 


REALISM IN VIBRATION Recognizing that it was necessary to 
provide a simulated missile-flight vibration environment far more real 
istic than heretofore available the Laboratory developed high power 
wide-band, complex waveshape vibration testing equipment 

This has mad possible the deve lopment of components and pach 


ages of greatly improved reliability. 


New Techniques for Component Reliability 


JPL JOB OPPORTUNITIES ARE 
WAITING FOR YOU TODAY 
in these fields 


RADIO GUIDANCE 
MICROWAVES 
SYSTEMS ANALYSIS 
GUIDANCE ANALYSIS 
APPLIED PHYSICS 
ELECTRO MECHANICAL 
INSTRUMENTATION 
INERTIAL GUIDANCE 
TELEMETERING 
PACKAGING 
MECHANICAL ENGINEERING 


CALTECH 
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Wide-band, complex waveshape vibration testing using electromagnetic 
shakers driven by large audio amplifiers, is a valuable new tool for 
evaluating guided missile components. Input information can be in-flight 
vibration data which has been obtained via telemetering or it can be 
artificial vibration records sythensized from noise, pulses, sine waves 
etc., to suit specialized needs. 

Design and test for survival in adverse environment is fundamental 
in producing guided missile components with reliability adequate fo: 
modern weapons system requirements. At JPL, a constant search is 
being conducted for better design and packaging techniques, and for 
more significant laboratory test methods. Development of the “complex 
wave’ vibration test philosophy, and of apparatus to exploit it, are but 
two results of this program. In the area of component design, new 
packaging techniques have been developed, involving control of local 
internal resonances and nonlinearities, which permit electronic circuits 
to withstand many times the vibration level which would destroy a 
conventional package 

Engineers and scientists are working at JPL in nearly all of the 
yhysical sciences, Here they are supported not only by outstanding 
aboratory facilities, but by a continuing series of experimental rocket 
firings which provide an invaluable tool for research and development 

The combination of a broad base of fundamental research, active 
development effort, and strong test and flight program has made the 
Lab a place of achievement. Perhaps you would like to participate in 
the many new, exciting programs now under way here. Your inquiry 
is invited. 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 











SSIONAL 
SERVICES 


= 


@ Research 
® Testing 
@ Design 
© Patents 











Instrumentation 
Control Systems 
Economic Studies 
Management 


CONTROL TRANSMITTER 


(CLASSIFIED ADVERTISING 
SALES @ BUSINESS 
EQUIPMENT (Used or Rescle 


“OPPORTUNITIES” 


UNDISPLAYED RATE 
(Not available for equipment advertising) 
$1.80 per line, minimum 3 lines. To figure 
odvance payment count 5 average words to 
@ line 
é DISPLAYED RATE 
The advertising rate is $17.80 per inch for all 
advertising appearing on other than contract 
basis. Contract rates quoted on request 














GEORGE P. ADAIR ENGINEERING CO. 
Consulting Engineers 


Electronic Controls 
Telemetering 
Television 


Electronic Processing 
Commubications icrowave 
Design Jevelopment Research 
Application 
1610 Bye Street, N. W Washington 6. D. © 
EXecutive 38-1230 








APPLIED TECHNOLOGY 
Consultant and Development Engineers 


INDUSTRIAL ELECTRONICS CONTROLS 


Photo-cell control systems, test equipment, custom 
electronic and magnetic amplifiers and power sup 
plies, enalog and digital circuitry and applications 


Box 127 Baldwin, New York 





PRIVATE CAPITAL AND/OR 
STOCK ISSUES ARRANGED 


Interested in financing companies that are 
doing at least 42 million a year or more, 
running in the black, but could do a lot 
better with more capital. Amounts from 
$100,000 up available. Prefer companies in 
fields of electronics, engineering or re 
search and development companies ready 
to go into production with backlog of 
orders. 
tially. 
ib0)- 1 BRR 

ma i 


Will treat all inquiries contfiden 














HANSON-GORRILL-BRIAN INC. 
Specialized Control Systems 


ELECTRICAL 
HYDRAULIC 


ELECTRONIC 
MECHANICAI 
85 Hazel 


Street Glen Cove, N. Y 








SVERDRUP & PARCEL, INC. 
at ira 


Comprehensive ¢ ol yr ering Services 
Systems analysis and | ‘ae sign of automatic controls 
and instrumentation for atomic energy chem 
ical plants petroleum refineries steel 
plants test facilities and other process 
industrie 


915 Olive Street St. Louis 1, Missouri 


Kae 
RELAYS Api ics: 
i 
MINIATURE AIRCRAFT «© Sag 
TELEPHONE TYPE * HERMETICALLY 
SEALED * SENSITROLS * STEPPING 
SWITCHES * GUARDIAN * KURMAN * 
ALLIED * SIGMA ®* LEACH and many others 

















CONSULTANTS 


When you are represented in 
the PROFESSIONAL SERVICES 
SECTION of CONTROL ENGI- 
NEERING, you are contacting 
the executives who are respon- 
sible for calling in the experts. 


For further information on how 
to reach these executives, write: 


Professional Services Section 


Control Engineering 


330 W. 42nd Street, 
New York 36, N. Y. 








ee STOCK OF RELAYS IN THE WORLD 


PRODUCTION QUANTITIES IN STOCK 


Send for our latest bulletin C 


324 CANAL ST. NYC. 13, WY. Walker 5-96472 


NIVEFSA! general corp. 


The “CONTROL TRANSMITTER” 
serves as an active market place for 
buying and selling used and surplus 
elements and components of control 
systems. It will be consulted regu- 
larly by prospective buyers of such 
equipment offered by 
plants or dealers. 


individual 


If you have used or surplus elements 
and components of control systems 
lying around idle in your plant, you 
can help other readers of the ‘‘CON- 
TROL TRANSMITTER” who need such 
equipment by bringing it to their 
attention. 


You may find bargains in hard-to-get 
components through the dealers ad- 
vertising in this section. Make the 
reading of ‘CONTROL TRANSMIT- 
TER” a monthly habit 


MAY WE HAVE YOUR ATTENTION? __ 





SERVO SPECIALS 


60 CYCLE SERVO 
MOTOR & GENERATOR 


Navy Type CAN 


211773 6.5 
watts Manuf 
Sangamo of 
Xv Iisman Me tor 
w ~> nut 115 
per ; bei 


at OFF eveles 
pole construction gives speed of 
3350 rpm 
onstant frequency type with an 
1GOO rpm 
has a 10 tooth helical gear 


$8-513 


TYPE 15CX4A 
SYNCHRO 
TRANSMITTER 


approx 
Tachometer generator is of the 
outpul 
f 6.5 volts per Output shalt 


$37.50 


pomgees for 

twOrd to meet 

new specifica 

tions for smaller 

units Voltage 

anne 115/90 

= at 400 cy 

Maximum 

electrical error 12 minutes otal 

0.4 Ibs  onled 1.89” x : 437” 
eter. Synchro-type mounting 


$B.465 


TYPE AY101D 

PRECISION AUTOSYN 
TRANSMITTER OR 
CONTROL TRANSFORMER 


26 volts, 400 
cycle, single 
pha se impul 
Will operate 
on 6 volte 60 
cycle 

$B-24 


$9.50 


eight 


cam 


$17.50 


TYPE 1SF SYNCHRO 


Manuf. by Bendix & Ford 

Instrument Co, Although 

this is a Navy Synchro 

designed for a 400 cycle 
115 


excitation of volts, 

it has been very success 
fully used on 60 cycle supplies not exceed 
ing 32 volts. Since it has an internal me 
chanical inertia damper, it can be used 
either as a “transmitter 
We strongly rec 


commercial applications requiring compact 


orasta repeater 


ommend thw unit for many 


remote indicating assemblies 


$B-29 $9.50 


Free—Write for 32 page complete catalog 


We corry a 
Army-Novy 


complete line of 


ommercial Synchros 


Serwe “Tee 


* , gs Teo eo -_ ¥ 


PRODUCTS CO 


JULY 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities —executive, management, technical, selling, office, skilled, manual, etc. 


Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Setling Opportunities Offered Labor Bureaus 


DISPLAYED ——- RATES—— UNDISPLAYED 
The advertising rate is $17.80 per inch for all advertising ap $1.60 per line, minimum 3 lines. To figure advance payment 
pearing on other than @ contract basis. Contract rates quoted count 5 average words as a line 
on request Positions Wanted——The rate is one-half of the above, payable 
in advance 
An advertising inch is measured %” vertically on a column—3% Box Numbers—counts as | line 
columns—-30 inches to &@ page Discount of 10% if full payment made in advance for 4 con- 
secutive insertions 
Subject to Agency Commission Not subject to Agency Commision 


Send NEW ADS or inquiries to Classified Advertising Division of CONTROL ENGINEERING, P.O. Box 12, N. Y. 36, N.Y 








Engineers and Scientists: * Foreign Service * 


. INSTRUMENT 
RCA... in New England REPAIRMEN 
grows in | aie Sinn and’ topahtog mahore 


flow, pressure and temperature instrumen 
tation in petroleum or chemical processing 


Aviation Electronics | 


RELAY TECHNICIANS 


| Control Systems Journeymen electricians. Minimum 2 years 
experience os a relay technician investigat 
ing and correcting line circuit troubles 
caused by relay failures. Unmarried man 
preferred. 


(oo ey 


RCA’s aviation systems 
laboratory ...at Wal- 
tham, in suburban 
Boston, broadens its re- 


fire control, automatic 
flight, servomechan- 
isms, system analysis & 
search and development synthesis, instrumen- 
programs on electronic tation. 
control systems for Target Sensing 
newest supersonic air- radar, antennas, in- 
craft and missiles. frared, optics 

Digital Computers 
If you are interested in systems & logic, pulse 
any of these programs, circuits, transistor cir- 
send a summary of edu- cuitry, programming 


Salaries $605 monthly plus generous living 
allowance; liberal, all-inclusive benefit pro 
gram. Write giving full particulars regard 
ing personal history and work experience 


Recruiting Supervisor, Box 163 


ARABIAN AMERICAN 
OIL COMPANY 
505 PARK AVENUE 

NEW YORK 22, NEW YORK 


network theory, statis- 
tics. 


Dr. Robert C. Seamans, ir., Manager 
Aviation Systems Laboratory Mechanical Design 

Radio Corporation of America heat transfer, shock 
Dept. U-2-G & vibration 

225 Cresvent St., Waltham, Mass. |_ 





| 

| 

| 

| 

| 

| 

| 
cation and experience to Mathematical Analysis 
| 

| 

| 
o 





RADIO CORPORATION OF AMERICA | REPRESENTATIVES 
Termine tassdie WANTED 


Rapidly growing manufacturer of Fail- 


MECHANICAL SALES ENGINEER | safe Instrument Monitors has a few ter- 


itori i f ene t ent 
RESEARCH ENGINEERS Are you interested in a sales i emg | ritories still open for energetic agents 


position in the field of instrumentation an Some of your lines should be electrical 
Expanding industrial research programs have automation? We are looking for engineer- 
resulted in oppertunities for engineers ex ing raduates, preferably Chemical or W-1979 
perienced or interested in any of the fol Electrical, 25 to 35 years of age for New RV sms 
lowing fields York; Buffalo; Charleston, West Virginia; 20 No. Mick 
Philadelphia; Memphis, Detroit, Chicago, | 
Tulsa, Los Angeles. Must be willing to 
Fluid Mechanics relocate and travel adjacent territory. 


Reactor Engineering Compensation on straight salary basis, all 2 SYSTEMS ENGINEERS 
internal Combustion expenses paid and car furnished with This top rated company requires 2 systems engineers 
liberal fringe benefit Sales experience with 5 years experience in the electronic fleld. This 
desirable, but not necessary as we pro Requires a knowledge of electrical circuits & ox 
Heat Transfer vide Klein Sales Aptitude Test at our perience in Gost n for mass proceemen aes 
’ ; agency fee and re 
New Product Design expense. ee 
Successi{ul applicants will receive thorough j 
These positions offer ovt-of-the-ordinary training course at our factory, Foxboro, MONARCH ey tre Ss Jackson Bivd 
promotional opportunities in a stable, pro Massachusetts, before being assigned to ‘ 
gressive organization which hes enjoyed a branch office. 
threefold expansion in the last ten years If you are interested in a real oppor- 
For technical application and literature de 


scribing our operations, write to a ee Ses SELLING OPPORTUNITY WANTED 








Applied Mechanics 





Acrodynamics 











Technical Personnel Manager J. J. Burnett. | Sales Engineering organization requires line 


F x R COMPANY of control instruments, compute 
BATTELLE INSTITUTE THE FOXBORO awe t pumps, throttling valves, pressur 
505 KING AVENUE 4546 Oakton Street Skokie, Illinois etc. Metropolitan NYC ares 
- sending resume of education and past Long Island and New Jerse 
COLUMBUS 1, OHIO experience. tronic Associates Inc o9 

Y 


| York 17, N 
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transistor 
circuit 
engineers 


Salary 
up to $12000 
Commensurate 
with 
experience 


Challenging 
openings in the 
field of transistor 
circuit design 
and development 


Manager of Tech- . for applica- 


nical Personnel 


Dept. 674 tion in fire con- 


% trol, navigation 
AE! Me ( and guidance 
systems... 
Division 
American Bosch 


utilizing analog 


and digital com- 


Arma Corp puting tech- 


Roosevelt Field 
Garden City 
ZL. 5., NW. ¥ 


niques. 


e ORG 





SYSTEMS DEVELOPMENT, INC. 


Requires one graduate electronic engineer witt 
” nee in sit design bugging in the 
f Se mechanis and Pulse Teehniqu 

Stock FP ase) =6(Plar Insurance Benet 


JAMES HICKEN, President, 
307 Water St Binghemton, N. Y 














PERSONNEL MANAGERS 


LOOKING FOR 
ENGINEERS . . . TECHNICIANS? 


——_ 





Write 
for free 


copy of 


“RESERVOIR OF ENGINEERS 
AND TECHNICAL MEN” 


T? engineers and technicians you want 
to reach are gathered in convenient, com 
pact groups—as this 16-page booklet point 
out 

It keys the job titles these men hold to the 
McGraw-Hill publications they read for on 
the-job information. It explains how you can 
make contact channel, concentrate your 
employment advertising to just the men with 
the job qualifications you want 


Write for your free copy to 
Classified Advertising Division 


CONTROL ENGINEERING 
330 W. 42nd St., N. Y. 36, N. Y. 





eeeeee eee eee eee eee eee eee ee ee eee 


EMPLOYMENT OPPORTUNITIES 


DEVELOPMENT 
ENGINEERS 


SOS SSE SSESESESSSHEESESEESSESSEHSESSSSESEHEHESSSESHEHSSEHSHSHEHEHEHSHSHEHEHHEHEHEHEHEHEHSHEHHHE OS 


Honeywell's Acronautical Division is one of several Honeywell 
Divisions specializing in automatic controls, At Aero the main 
specialties are guidance and automatic flight control! of missiles 
and aircraft, airborne instrumentation, airborne servomech 
anism components and jet engine controls 


B Top development positions are open for aeronautical, me- 
chanical and electrical engineers. This means complete design 
and development responsibility for components and systems 
in the field of autopilots, fuel measurement systems, inertial 
guidance systems, vertical and rate gyros, stabilization plat 
forms, and many others 


® As a design engineer you will provide technical direction for 
draftsmen, technicians, model makers and evaluation engineers 
essential to the project. An engineering degree or its equivalent 
plus practical experience with related or similar equipment is 
required 


CONSIDER 
THESE ADVANTAGES 


@ Minneapolis, the city of lakes and parks, off you metro- 
politan living in a suburban atmosphere. No commuting 


@ Your travel and family moving expenses | 


@ Salaries, insurance-pension programs, pla 1 technical 
facilities are all first-rate 


® Honeywell, leader in control systems, man ‘ of over 
10,000 different products, offers unusual dive heation and 
variety. A sound growth company, continuall panding, it 
offers permanent opportunity to you 


eee eee eee eee eee eee eee eee eee eee oe 


WRITE TO US 


interested in a career at Honeyw | collect or 
resume to Bruce Wood, Dept. CE-7-98, Aeronau 
il Division, 2600 Ridgway Road, Minnean 13 


Honeywell 
it we Coutiols. 
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Part Time 


OD request 


columns 


Bubject to 


The advertising rate is $17.80 per inch for all advertising ap 
pearing on other than @ contract basis 


An advertising inch is measured %” 


Agency Commission 


EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities —executive, management, technical, selling, office, skilled, manual, ete. 


Positions Vacant 
Positions Wanted 


Civil Service Opportunities 
Work 


DISPLAYED RATES —— 


Contract rates quoted 


vertically on a column-—3 
40 incheg tO & page 


secutive 


Send NEW ADS or inquiries to Classified Advertising Division of CONTROL ENGINEERING, P.O. Box 12, N. Y 36, N.Y 


Selling Opportunities Wanted 
Selling Opportunities Offered 


$1.80 per tine, 
count 5 average words as a line 
Positions Wanted 
in advance 
Box Numbers 
Discount of 10% if full payment 


Not subject 


Employment Agencies 
Employment? Services 
Labor Bureaus 


UNDISPLAYED 


minimum 3 tines. To figure advance payment 


The rate is one-half of the ab payable 


counts as | line 


made in advance for 4 con 


insertions 


0 Agency Commision 





Aviation 
RCA’s aviation systems 
laboratory ... at Wal- 
tham, in suburban 
Boston, broadens its re- 
search and development 
programs on electronic 
control systems for 
newest supersonic air- 
craft and missiles. 


If you are interested in 
any of these programs, 
send a summary of edu- 
cation and experience to 


Dr. Robert C. Seamans, Ir., Manager 
Aviation Systems Laboratory 

Radio Corporation of America 

Dept. U-2-G 

225 Crescent St., Waltham, Mass 


Engineers and Scientists: 


RCA...in New England 


grows in 


RADIO CORPORATION OF AMERICA 


DEFENSE ELECTRONIC PRODUCTS 


Electronics 


| Control Systems 
fire control, automatic 
flight, servomechan- 
| isms, system analysis & 
| synthesis, instrumen- 
| tation. 
Target Sensing 
| radar, antennas, in- 
| frared, optics 
| Digital Computers 
systems & logic, pulse 
| circuits, transistor cir- 
| cuitry, programming 
| Mathematical Analysis 
network theory, 
| tics, 
| Mechanical Design 
| heat transfer, shock 
& vibration 


davasedibddieieemnrcnmnummanpel 


statis- 





MECHANICAL 
RESEARCH ENGINEERS 


Expanding industrial research programs hove 
resulted in opportunities for engineers ex 
perienced or interested any of the fol- 
lowing fields 


mn 


Applied Mechanics 
Fluid Mechanics 
Reactor Engineering 
Internal Combustion 
Acrodynamics 
Heat Transfer 


New Product Design 


These positions offer 
promotional opportunities 
ressive organization which has enjoyed a 
threefold expansion in the last ten years 
For technical application and literature de 
scribing ovr operations, write to 


ovt-of the ordinary 
in a stable, pro 


Technical Personnel Manager 


BATTELLE INSTITUTE 
505 KING AVENUE 
COLUMBUS 1, OHIO 





SALES ENGINEER 


Are you interested in a sales engineering 
position in the field of instrumentation and 
automation? We are looking for engineer- 
ing taduates, preferably Chemical or 
Electrical, 25 to 35 years of age for New 
York; Buffalo; Charleston, West Virginia; 
Philadelphia; Memphis, Detroit, Chicago, 
Tulsa, Los Angeles. Must be willing to 
relocate and travel adjacent territory. 
Compensation on straight salary basis, all 
expenses paid and car furnished with 
liberal fringe benefits. Sales experience 
desirable, but not necessary as we pro- 
vide Klein Sales Aptitude Test at our 
expense. 
Successful applicants will receive thorough 
training course at our factory, Foxboro, 
Massachusetts, before being assigned to 
branch office. 
If you are interested in a real oppor- 
tunity with a progressive organization, 
please write: 

J. J. Burnett. 


THE FOXBORO COMPANY 
4546 Oakton Street Skokie, Mlinois 


sending resume of education and past 
experience. 
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* Foreign Service * 


INSTRUMENT 
REPAIRMEN 


Minimum 4 years journeyman 
testing, inspecting and repairing modern 
flow, pressure and temperature instrumen 
tation in petroleum or chemical processing 
plant 


RELAY TECHNICIANS 


Journeymen electricians 


experience 


Minimum 2 years 
experience as a relay technician investigat 
ing and correcting 
caused by relay failures 
preferred 


troubles 
Unmarried man 


line circuit 


Salaries $605 monthly plus generous living 
allowance; liberal, all-inclusive benefit pro 
gram. Write giving full particulars regard 
ing personal history and work experience 


Recruiting Supervisor, Box 163 
ARABIAN AMERICAN 
OIL COMPANY 


505 PARK AVENUE 
NEW YORK 22, NEW YORK 








REPRESENTATIVES 
WANTED 


Rapidly growing manufacturer of Fail- 


safe Instrument Monitors has a few ter 
ritories still open for energetic agents 
Some of your lines should be electrical 


1979, 


KW 
No. Micl 


0 








2 SYSTEMS ENGINEERS 
This top rated company requires 2 
with 5 years experience in the electronic field. This 
Requires a knowledge of electrical circuits & ox 
portenee in dasign for mass productior Starting 
salary $12,000. Company pays agency fee and re 
location expense 
MONARCH PERSONNEL 26 E 
CHICAGO 4, ILL 


systems engineers 


Jackson Bivd 











SELLING OPPORTUNITY WANTED 


Sales Engineering organization requires line 
of control instruments 
pumps, throttling 
et« Metropolitan NY‘ area 
Long Island and New Jersey 
tronic Associates Inc of 


York 17 


computers 


valves pre 





EMPLOYMENT OPPORTUNITIES 


transistor 
circuit 
engineers 


DEVELOPMENT 
ENGINEERS 


Salary 
up to $12000 
Commensurate Challenging 
with 
openings in the 
experience pe « 


field of transistor 


circuit design 


and development 


Manager of Tech- .» « for applica 
nical Personne! 


Dept. 674 tion in fire con- 


Honeywell’s Aeronautical Division is one of several Honeywell 
Divisions specializing in automatic controls. At Acro the main 
specialties are guidance and automatic flight control of missiles 
and aircraft, airborne instrumentation, airborne servomech 


trol, navigation 


ME PR REAL 008 0080000 


systems. 


Division utilizing analog 


American Bosch anism components and jet engine controls 


and digital com- 
Arma Corp 


puting tech- @ Top development positions are open for aeronautical, me 


Roosevelt Field 
_ chanical and electrical engineers. This means complete design 


Garden City 
L. i., N. ¥ 


niques. 
and development responsibility for components and systems 
in the field of autopilots, fuel measurement systems, inertial 
guidance systems, vertical and rate gyros, stabilization plat 
forms, and many others 





SYSTEMS DEVELOPMENT, INC. 


Requires one graduate electronic engineer witt 
pe eis cult design, debugging in tl 
f Be mechan and I” e Techn 

per s k PT ase «6 las Insurance 

Set 


® As a design engineer you will provide technical direction for 
draftsmen, technicians, model makers and evaluation engineers 
essential to the project. An engineering degree or its equivalent 
plus practical experience with related or similar equipment is 
required 


CONSIDER 
THESE ADVANTAGES 


@ Minneapolis, the city of lakes and parks, offers you metro- 
politan living in a suburban atmosphere. No commuting 


JAMES HICKEN, President, 
307 Woter St Binghamton, N. Y 














PERSONNEL MANAGERS 


LOOKING FOR 
ENGINEERS . . . TECHNICIANS? 


| Write 
*6 for free 
\ 





@ Your travel and family moving expenses 
@ Salaries, insurance-pension programs, pla ! technical 
facilities are all first-rate 


®@ Honeywell, leader in control tems i! rs of over 
10.000 different products offers unusua ‘ ion and 
variety. A sound growth company, conti 

offers permanent opportunity to you 


SOSSSSSSSSSESSESESSSSSESSSSHSSSSSHSSSHSSSSHSSSSHSSSSSHESHSHESSHEHSSSHSEHEHHHSSHESHHS OS 


a 
i 
a copy of 


“RESERVOIR OF ENGINEERS 
AND TECHNICAL MEN” 


engineers and technicians you want 


WRITE TO US 


rested in a career at Honeyw 
ume to Bruce Wood, Dept. Cl 


> ac ered co enient, cor " 
ire gathered in convenien } I Division, 2600 Ridgway Road. Minne 


Honeywell 
Fouts wn Coutiols 


as this 16-page booklet point 
»ys the job titles these men hold to the 
Graw-Hill publications they read for on 
the-job information. It explains how you can 
make contact channel, concentrate your 
employment advertising to just the men with 
the job qualifications you want 


Write for your free copy to 


Classified Advertising Division 
CONTROL ENGINEERING 
330 W. 42nd St., N. Y. 36, N. Y. 
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EMPLOYMENT OPPORTUNITIES 


This coupon mailed TODAY 


..-may bring you 


a brighter TOMORROW! 


There just isn't any question about it — 
the trained engineer of today has more 
opportunity than ever before. 

However, and this is vitally important, 
the possibility for individual progress is 
far greater in certain organizations than 
in others. That's why every engineer 
concerned with his future should look into 
the job opportunities offered in the guided 
missile field. 

Here at Bendix Products Division— 
Missiles, you can get in on the ground 
floor of a new, but proven, dynamic 
business with long-term potentials in the 


CONTROL ENGINEERING 


development, engineering and manufac- 
turing of the nation's most important 
weapons system. It is truly the business of 
the future with many commercial as well as 
military applications. 

Then, too, at Bendix Products Division — 
Missiles, you have all the advancement 
possibilities of a compact, hard-hitting 
organization backed by the resources of 
the entire nation-wide Bendix Aviation 
Corporation, 

So that you may analyze for yourself 
the various job opportunities and the 
possibilities of rapid advancement, we 
have prepared a thirty-six-page book 
which gives detailed background of the 
functions of the various engineering groups. 

Any ambitious engineer looks forward to 
a brighter tomorrow. May we suggest 
that the first step toward this goal is the 
mailing of the coupon for your copy of 
“Your Future in Guided Missiles”. 








FOR RATES OR 
INFORMATION 


About Classified 
Advertising 


Contact The 
Wie Gra w-~. Hill ffi. e 
ae You. 


ATLANTA, 3 
1321 Rhodes-Haverty Bidg 
WAlnut 5778 
W. LANIER 
BOSTON, 16 
350 Park Square 
HUbbard 2-7160 
H. J. SWEGER 
CHICAGO, 11 
520 No. Michigan Ave. 
MOhawk 4-5800 
W. HIGGENS 
CINCINNATI, 37 
1915 Rockingham Ave. 
REdwood 1-4537 
W. GARDNER 
CLEVELAND, 15 
1510 Hanna Bidg. 
SUperior 1-7000 
W. SULLIVAN 
DALLAS, 2 
Adolphus Tower, Main & 
Akard Sts. 
PRospect 5064 
G. JONES 
DETROIT, 26 
856 Penobscot Bidg. 
WOodward 2-1793 


LOS ANGELES, 17 
1125 W. 6th St. 
MAdison 6-935] 
Cc. McREYNOLDS 
NEW YORK, 36 
330 West 42 St. 


LOngacre 4-3000 
R. LAWLESS 
S. HENRY 
D. COSTER 
R. HATHAWAY 


PHILADELPHIA, 3 
17th & Sansom St. 


Rittenhouse 6-0670 
—. MINGLE 
H. BOZARTH 


ST. LOUIS, 8 
3615 Olive St. 
JEfferson 5-4867 
W. HIGGENS 
SAN FRANCISCO, 4 
68 Post St. 
DOuglas 2-4600 


R. ALCORN 











DIGITAL 
ENGINEERS 


for Long-Range Programs 
Airborne Control Applications 


Challenging assignments 
with opportunity ¢t arry 
your ideas through to final 
hardware and ope 
Hight testing in 


rational 


@ Computer Organization 
@ Logical Design 

@ Advanced Circuit Design 
@ Laboratory Development 
@ Packaging and Reliability 


Salary—vup to $12000 


Commensurate with experience 
sume in confidence to 


Manager of Technical Personnel 
Dept. 674 


rid ff 


Division of 
American Bosch Arma Corporation 
Roosevelt Field, Garden City 
Long Istand, N. Y¥. 


a 


ENGINEER, ME EE or AE 


Controls Design 
Nuclear Aircraft Engines 


followed by 
aircraft 
tremen- 


came the propeller, 
engine—and now, 
propulsion with its 
potential. General Elec- 
tric's ANP Department has a career 
pening for the qualified engineer who 
desires to achieve the professional stat. 
s talents deserve 


First 
the jet 
nuciear 


dous power 


The present position requires 1 to 3 
years experience in aircraft control or 
accessory systems design and applica 
tion, and involves the design of turbine 
t Both creative 
desirable 


controls 
ability 


ype engine 


and analytical are 


Openings in Cincinnati, Ohio 
and Idaho Falls, idaho 


Addreas replies, stating salary requirements, 
to location you prefer 


W. J. Kelly 

G. E. Co. 

P. O. Box 132 
Cincinnati, O 


@ GENERAL @@ ELECTRIC 
ainsniguiiinandnal 


idaho Falls, idaho 





WANTED 

Assistant professor in electrical technology 
at community college of State University 
of New York, BS. in E.E. and industrial 
experience desirable. $6200-6800. 10-month 
teaching. 

Write to C. C. Tyrrell, 

Broome County Technical Institute, 
Binghomton, New York 











REPRESENTATIVES WANTED 


Qualified technical men to sell metering, control 
and transmission systems and components to petro- 
chemical, process, waterworks, industrial 
fields, consulting engineers, Rapidly 
expanding firm offers liberal commission, exotusive 
territories. Write, giving lines and territor 
te H. Katherman, SPARTON CONTROL 8 
DiV.. The Soarks-Withington Ce., Jackson 








== ‘lgbe 


EMPLOYMENT OPPORTUNITIES 


> Se ks - 


~ 
“<= 


i a ~~ 
ai ee al wd 


eel 


A land with a climate 
where your ideas can grow 


You begin to hunt for such a climate when you see your ideas stagnating in 
the airless confines of a company too small—or lost in the bog of one that’s 
too big. 

You promise yourself it’s climate you'll look at, this time when you pick 
a job. Management climate—because that’s where ideas find sunshine—not 
the big freeze. 

So you look for a company where Management recognizes a hot idea when 
it comes up from the lab. You look for a company where Sales knows how 
to take hold of a good idea and move. You search for a department without 
pigeon holes; you want to work, not roost. 

That's why Stromberg-Carlson’s story should appeal to you. Since World 
War II our volume has increased 16 times, thanks to good ideas accepted 
and promptly applied. Recently we joined the headline-making General 
Dynamics Corporation, making the ionosphere the limit on your future here. 

As two or three generations of Stromberg-Carlson’s engineers can tell you, 
the climate in this scientific-industrial city of Rochester seems to stimulate 
live minds. You meet next-door neighbors who know what you're talking 
about. You enjoy winter sports, summer boating, good music, fresh theater 
—and a salary-bonus plan that lets the good way of living be yours. It 
should be, when you choose a lifetime job. 

The list below shows where there's room for you and your ideas to grow. 
Dig in now—with a detailed letter to Mr. Arthur N. Paul, at the address 
below. We think you'll like what he has to say to you 


- . . . . . . . . . . . . . . . . . . . . . . . . . 


Numerical Con 
instrument and 
Production Engineers 


RESEARCH: Communication and Data Systems ° ¢ Automatic Test Equipment + 
information Theory * Semi-Conductor + Digital trol * Computers + 
Techniques * Servo Mechanisms «¢ Electronic Power Servos « 
Switching © Acoustic Transducers * Magnetic 
Amplifiers *« Nucleonics * Microwave 


Counters « 


WIRE COMMUNICATION: Dial Centra) Office Equip 
ment « Telephone instruments + Wireline Car 
rier © Frequency Multiplex + Toll Ticketing « 
Transistor Circuitry * Microwave Links « Elec 
tro-mechanical Design * Electronic Switching 
Systems 


AUDIO-ACOUSTICAL: Transtormers + 
corders * Audio Amplifiers « 
Electronic Carilions «+ 
tems ¢ Auto Radio + 
delity * Sonar 


ELECTRONICS: Radio Communications * Mechan 
ical Design Engineering « infrared « Automatic 
Test Systems * Countermeasures * Navigational 
Systems * Radar * Computer Techniques * 
Military Transistor Applications « Missile Guid 
ance Systems * Microwave Development 


Tape Re 
Loudspeakers « 
intercommunication Sys 


AUTOMATION: Systems Engineering * Automatic Home Radio + High Fi- 


Assembly * Transistors + Amplifiers & Filters 


STROMBERG-CARLSON COMPANY Cy 


and San Diego, Calif 


a Oivisiown or CENERAL OVYNAMICS CORPORATION 


ROCHESTER 3, N. Y. @ Plants at Rochester, N. Y., Los Angeles, Calif 
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EMPLOYMENT OPPORTUNITIES 


HYDRAULIC 
weeps RESEARCH 
ENGINEERS 


To Develop TEST FACILITIES for Jet Engine Fuel 
Control Systems and Components. 


Working with: Test Stands 
High Energy 


Fuels at / ie) eM o— } Environmental 
Extremes of pp A Test Cells 
l'emperatures 
and 


High Pressures Remote 


Instrumentation 


Servo Operated Afterburner Fuel Controls, Inlet Temperature and Turbine 
Speed Sensing Electro-Hydraulic Servo Controls. 


Applicant should have B.S. Degree Plus 4-6 Years Experience Relative 
to Hydraulic Engineering, Valve Design, Hydraulic Servos, Instru- 
mentation and Testing of Fluid Control Devices, or Other Associated 
Fields,—Write to Mr. J. Heffinger, Supervisor of Salaried Personnel 


AC THE ELECTRONICS DIVISION 


GENERAL MOTORS CORPORATION 


MILWAUKEE 2, WISCONSIN also FLINT 2, MICHIGAN 











INSTRUMENT ENGINEERS 


Career opportunities in instrument engineering. 





Candidates considered with degrees in either Mechan- 
ical, Electrical or Chemical Engineering. Two to Five 
years’ experience in process control instrumentation 
and/or application of pneumatic and electronic con- 
trol equipment required. 


Give full and specific details of education, experi- 


ence, desired salary, availability date and references. 


All inquiries will be considered promptly and held 
confidential. 


ESSO STANDARD OIL COMPANY 
Esso Research and Engineering Company 


Employee Relations 
P.O. Box 51 Linden, N. J. 








ARE YOU IN NEED 


OF ENGINEERS 


or of 
HIGHLY TRAINED TECHNICIANS 


for your Personnel Program ? 


We offer a booklet especially 
prepared to help you solve this 
problem. It is called the “RESER 
VOIR of ENGINEERS and TECH. 
NICAL MEN”. 


This booklet shows, through oa 
listing of the major job titles 
held by readers of McGraw-Hill 
Publications, how these men are 
gathered in convenient, compact 
groups that you can economically 
reach with your advertising. Here 
are no huge, swollen circulations, 
with expensive price tags where 
maybe not one reader in a thous 
and would have the necessary jot 
qualifications. 


In a recent advertisement one of 
the leading aircraft manufac 
turers restated a well known, but 
seldom practiced principle: 

A trained, experienced engineer in 
one specialty can be retrained in 
almost any other engineering spe- 
cialty with a minimum of time and 
effort expanded. 


It is one of the purposes of this 
booklet to show how you can best 
reach men specifically trained for 
your needs or technicians who can 
be easily and quickly retrained. 


For your free copy of this booklet 
write us on your letterhead. You 
are under no obligation whatso- 
ever. There is a limited supply 
so write us now. 


McGraw-Hill 
Publishing Co., Inc. 


Classified 
Advertising 

Division 

330 West 42nd St., 
New York 36, N. Y. 
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FOR ADVANCED WEAPONS SYSTEMS 


Join a team of engineers and 
scientists already working on 
stimulating assignments in the 
challenging field of Guidance 
aml Control. 


Carry your ideas through to 
final hardware and operational 
flight testing. 


Perform creative system studies 
and instrumentation. 


Apply the latest technological 
knowledge in such arenas as: 
INERTIAL GUIDANCE © DYNAMIC ANALYSIS 
BALLISTICS RESEARCH © TELEMETRY 
Salary—wup to $12000 
Commensurate with experience 
Send resume in confidence to 


Manager of Technical Personnel, Dept. 674 


we A ced 


Division American Bosch Arma Corp 
Roosevelt Field Garden City, L. 1, N. ¥. 
% 
Ye 


% 
4 
cS G 
» 7 





SALES and SERVICE ENGINEERS 
WANTED 


Excellent opportunities for engineers with 
well established East Coast Industrial In 
strument Manufacturer now expanding 
branch office coverage. 

Electrical, Mechanical, or Electronic Engi 
neers preferred. 

Openings for Sales Engineers in St. Louis, 
Los Angeles, Cleveland, and Boston. 
Openings for Service Engineers in Bufialo, 
Los Angeles, and San Francisco. 
Generous company paid benefits include 
hospitalization, pension, insurance, and 
vacation plans. 
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ApverTisine MAN 
WANTED FOR 
TECHNICAL ProbucTS 


Previous advertising experience not 
necessary but helpful. Must have 
at least two or three years of college 
with courses in engineering and 
technical subjects and like to write. 
If you have the qualification we 
have an opportunity open for you. 
Man selected will be trained in all 
phases of industrial advertising. In 
your letter of application state age, 
education, positions held, and give 
statement of why you want a career 
in advertising. Location: weli-known 


Connecticut company. 











EMPLOYMENT OPPORTUNITIES 


I know from my own experience all of the de- 
tails involved in making a decision about 
changing jobs. You wonder what kind ~~ 
you will be doing...the calibre" jy’ 
will be associated with. i 
ing conditions,..i 


ork 
you 
Ve= 


n 


few of the 
reasons you 
Should get 
in the mail 
so that an 
interview car 
be arranged. 

I am attac 
Snapshot of ou 
in the country 
to schools, chu 
minutes from th 
This is only one @ reasons why most of 
the folks who come here for an interview just 
Stay...wire the wife to start packing... 
knowing she will love the living part of 

Now about the work and the people.... 
The attached clipping will give you a brief 
idea of some of Farnsworth's activities for 
the military and industry in the fields of 
electronics and nuclear energy. Your associ- 
ates will be eminent scientists and engi- 
neers with many “firsts" to their credit in 
electronics. (Like Philo Farnsworth, our Tech- 
nical Director and the inventor of electronic 
television. ) 

And don't worry about permanency or 
Stability. Being a member of the world-wide 
International Telephone and Telegraph Corp- 
oration makes Farng th big enough to assure 
that yet it ie small enough for flex- 

\ recognition of the 
individual. Here you 
ill be heard...not 
just one of the herd. 
mOf course, all the 
other advantages are 
included: liberal 
elocation expense, 
advanced education 
at no cost to you. 
To get the whole 
Pascinating Farns- 
orth story... 
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ADVERTISING IN THIS ISSUE 


A 
AC Electronics Div. 
General Motors Corp 25 
AGA Div. Elastic Stop Nut Corp. 
of America 156 
Aircraft-Marine Products, Inc. .33, 34 
American Time Products, Inc 125 
Amphenol Electronics Corp 26 
Askania Regulator Co ‘ 
Automatic Switch Co 15 
Autonetics Div., North American 
Aviation, Inc. 163, 173 


B 

B/W Controller Corp 152 
Bailey Meter Co res 
Baldwin-Lima-Hamilton Corp 145 
Barber-Colman Company. .18, 20, 22 
Barksdale Valves 142 
Beckman Inc., Amold O. .. 136 
Beckman Instruments, Inc. . 62 
Bendix Aviation Corp., Research 

Labs. Div. .. 169 
Bourns Laboratories 138 
Bryant Chucking Grinder Co.. 140 


Cc 
Cash Company, A, W 31 
CBS-Hytron Div. Columbia 
Broadcasting System, Inc 64 
Century Electronics &  Instru- 
ments, Inc, 21 
Clifton Precision Products Co., 
Inc. 
Conoflow Corporation 
Consolidated Electrodynamics 
Corp. . 
Curtiss Wright Corp. 
D 
Daystrom Pacific Corp 
Decker Aviation Corp 
Detroit Coil Co 
Dixon Corporation 
Doelcam Div, Minneapolis 
Honeywell 
DuMont Laboratories, Inc., 
Allen B. 
E 
Kagle Signal Corp 
Eastern Air Devices, Inc. . 38 
Edison, Inc., ‘Thomas A. 155 
Electro Instruments, Inc 127 
Electronic Associates, Inc 60 
Electronic Engineering Co. of 
California .. 6 
Electro Switch Corp.......... 154 


Firestone Guided Missile Div. 56 
Fischer & Porter Co. . . . Fourth Cover 
Ford Instrument Co., Div. of 

Sperry Rand Corp... Fis 
Foxboro Co., The 10, 11 

G 
General Electric Co. 

Electronic Components Dept. 116 
General Mills, Inc...... : 30 
Giannini & Co., Inc., G. M.. s 
Goodyear Aircraft Corp. . . ate 
Guardian Electric .o ae 


H 
Hansen Mfg. Co., Inc......... 28 
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ENGINEERING 


Haydon Co., The A, W 160 

Hewlett-Packard Co. 68 

Hoke Incorporated 168 

Houston Technical Labs., Sub- 
sidiary of Texas Instruments, 
Inc. 

Hughes Research & Development 
Labs. 158 

! 

Indiana Steel Products Co., The 161 

Instrof Corp. Div., T. J. Cope, 
Inc. i eae 

International Business Machines 171 

International Rectifier Corp 160 


Jet Propulsion Lab, Div. of Cali- 
fornia Institute of Technology 
K 
Kay Lab 
Kearfott Co., Inc 
Kepco Laboratories 


Lapp Insulator Co., Inc 
Leeds & Northrup Co 14] 
Lepel High Frequency Labora- 
tories Inc. 134 
Librascope, Inc. .Second Cover, 166 
M 
Manning, Maxwell & Moore, 
Inc, . 14, 99 
Melpar, Inc. 162 
Metrotype Corp. Div. Hays Corp. 175 
Mettler Instrument Corp 152 
Moog Valve Co., Inc _ a 
Moore & Co. Samuel, 
Dekoron Products Div cack ee 
Motorola Communications & 
Electronics Div. .. 41 


N 
National Cash Register Co., The 172 
North Electric Co 130 
P 
Palmer Thermometers, Inc . 48 
Panellit, Inc. . . 39 
Pegasus Laboratories, Inc ; 47 
Philco Corporation, Lansdale 
Tube Co, Div... 45 
Phillips Control Corp 24 
Potter Aeronautical Co 167 
Potter & Brumfield 


R. M. H. BERG 
W. C. CARMICHAEL 


ATLANTA 3: 


Potter Instrument Co., In 40) 
R 
Radiation, Inc. 164 
Ramo-W ooldridge Corp., The 12 
Reeves Instrument Corp 153 
Remington Rand Univac Div. of 
Sperry Rand Corporation 100 
Rheem Manufacturing Co 27 
Ruge Associates, Inc., Arthur C. 146 
S 
Saginaw Steering Gear Div. 
General Motors Corp 
Sanborn Co. 
Schrader’s Son, A 
Servo Corp. of America 
Servospeed Div. of 1! 
vices, Inc. 
Sola Electric Co 
Sorensen Co. 
Statham Laboratorics 
Stromberg-Carlson 
T 
aller & Cooper, In: 
Taylor Instrument ‘ 
Technical Charts Inc 
Technology Instrument Corp. 
Third Cover 
Thermo Electric Co., In 165 
l'omkins-Johnson Co., The 149 
Transitron Electronic Corp 9 
U 
U. S. Components Inc 50 
U. S. Gauge Div. of American 
Machine & Metals, Inc 
Vv 
Vickers Electric Div. of Sperry 
Rand Corporation 133 
Vickers, Inc., Div. of Sperry Rand 
Corp. 49 
Victor Equipment Co 164 
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Ww 
Waters Mfg., Inc 44 
Westinghouse Electric Corp 139 


PROFESSIONAL SERVICES 


© 
CLASSIFIED ADVERTISING SECTION 
F. J Eberle, Business Mgr 
EMPLOYMENT OPPORTUNITIES. 178-183 
CONTROL TRANSMITTER 177 
Equipment 
Used or Surplus New 
For Sale 


Advertising Sales Manager 
Production Manoger 


William D. Lanier, 1321 Rhodes-Haverty Bidg., WAlnut 5778 


BOSTON 16: 


George S. Baird Jr., 350 Park Square Bidg., HUbbard 2-7160 


CHICAGO 11: 


John G. Zisch, 520 N. Michigan Ave., MOhawk 4-5800 


CLEVELAND 15: 


John C. Mitchell, 1510 Hanna Bidg., SUperior 1-7000 


DALLAS 2: 


Gordon L. Jones, Douglas Billian, 1020 Adolphus Tower Bldg., PRospect 5064 


LOS ANGELES 17 : 


Gene A. Fruhling, 1125 W. Sixth St., MAdison 6-9351 


NEW YORK 36: 


Robert W. Obenour, 330 West 42nd St., LOngacre 4-3000 


PHILADELPHIA 3: 


W. F. Buehl, Architect’s Bldg., 17 & Sansom Sts., Rittenhouse 6-0670 


SAN FRANCISCO 4: 


T. H. Carmody, R. C. Alcorn, 68 Post St., DOuglas 2-4600 
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TECHNOLOGY INSTRUMENT CORP. 
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F&P Batch Control Saves Dollars 


Here is a simple, dependable method of adding predetermined volume 
of fluids. Volume is automatically measured by an integrating flow 
meter. Here are the benefits to you: 


«No attention required—automatic shut-off 
e Uniform product 

e Saves time and labor 

e Multiple systems for any number of fluids 
e Safe handling of hazardous fluids 

e Batch size easily adjusted 


Write today for Catalog 91-109. 


Fp FISCHER & PORTER 


In Canada 


776 County Line Road, Hatboro, Pa. | Fischer & Porter (Canads) Ltd 


Toronto 15, Ont 








